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The subject of this sketch was known to the world as an investi 
gator, explorer, writer, and teacher, in the fields of geology and 
geography. He was descended from New England stock; his 
beginnings were simple; his development followed the usual lines 
of the American professional man; and, apart from his scientific 
work, the course of his life was not eventful. The end came abruptly, 
and seemingly at the zenith of his activity. 

He was the son of Barnabas and Louisa Sherman (Cook) Russell, 
and was born near Garratsville, N. Y., on December 10, 1852. 
His home was at Garrattsville till he was twelve years old and was 
afterward at Plainfield, N. J. His education included preparatory 
studies at the Rural High School, Clinton, N. Y., and Hasbrook 
Institute, Jersey City, a college course at the University of the City 
of New York (B.S. and C.E., 
the Columbia School of Mines, 


1872), and a postgraduate course at 


In 1874 he was a member of the United States Transit of Venus 
Expedition, visiting New Zealand and Kerguelen Island,-and making 
observations which were the basis of his first publications on natural 
history. As the arrangements for the expedition made no provision 
for work in natural history, he sought and obtained an appointment 
as photographer, qualifying himself therefor by a hurried course 
of study under Rutherfurd, and incidentally acquiring photographic 
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skill that was afterward of service in physiographic and exploratory 
work. On his return he became assistant professor of geology 
in the School of Mines, where he remained two years. In 1878 he 
accompanied Professor J. J. Stevenson in geologic exploration in 
New Mexico undér the auspices of the Wheeler Survey; and the 
following year was spent in European travel. 

My own association with him began in 1880, when he became a 
member of the United States Geological Survey and was assigned 
to my corps—the Division of the Great Basin—then engaged in the 
study of the Quaternary lake Bonneville. After a year of sub 
sidiary duty he was given independent work, investigating the Qua- 
ternary histories of a series of desert basins in northern Nevada 
and adjacent parts of California and Oregon. To these and cognate 
studies he gave four years, his results being embodied in an impor 
tant series of reports, which gave him assured status both in this 
country and abroad. The duties next assigned him were much less 
congenial, and I think he always regarded the three years given to 
them as nearly wasted. They comprised the detailed study and 
mapping of Paleozoic formations in the southern part of the Appa- 
lachian area, and, later, a general investigation of the Jura-Trias 
formations of the United States. The scope of the latter work was 
afterward reduced, and he finally reported only on the Newark for 
mation. 

The field of research most attractive to him, and the one to which 
his whole life would doubtless have been devoted, had circumstances 
favored, was geographic exploration. It was also a field for which 
he was peculiarly fitted. In 1889 he sought and obtained permission 
to accompany, as representative of the Geological Survey, an expe- 
dition sent by the Coast and Geodetic Survey to establish a portion 
of the eastern boundary of northern Alaska. He ascended the 
Yukon River to the neighborhood of the boundary, and then in 
early winter crossed the mountains southward to the head of Lynn 
Canal, whence he returned by sea. With continued assistance of 
the Coast Survey, and under the joint auspices of the Geological 
Survey and the National Geographic Society, he spent the two 
succeeding summers in exploring the slopes of Mount St. Elias 
and the region about Yakutat Bay. 
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In 1892 he was elected to the chair of Geology in the University 
of Michigan, filling the vacancy created by the death of Alexander 
Winchell; and he retained this position for the remainder of his 
life. As a teacher he concerned himself chiefly with the instruction 
of undergraduates, reserving a considerable share of his time and 
energy for other activities. Most of the summers were occupied 
by geologic field-work, chiefly under the auspices of the United 
States Geological Survey; and winter leisure was devoted to literary 
work. A few of the out-of-door studies were in Michigan and 
near his home, but the greater number were in the mountains and 
valleys of Washington and Oregon, and one was in the West Indies 
during the eruption of Pelée. The literary output, in addition to 
reports on summer work, comprised five semi-popular volumes and 
a large number of scientific essays. 

A few lines will complete the statistical record of his life. He 
was married in 1886 to Miss J. Augusta Olmsted; and is survived 
by his wife and family—three daughters and a son. The honorary 
degree of Doctor of Laws was conferred on him by his alma mater 
and by the University of Wisconsin. Geographers have signalized 
his eminence in Alaskan exploration by naming a glacier and a 
fiord in his honor. He was a member of many professional and 
learned societies, served as vice-president of the American Asso- 
ciation for the Advancement of Science and as president of the Mich- 
igan Academy of Science, and at the time of his death was president 
of the Geological Society of America. He was an associate editor 
of the Journal oj Geology. A list of his published writings compiled 
by the librarian of the University of Michigan comprises 124 entries, 
to which are added the titles of five unpublished manuscripts. One 
of the latter—‘‘Concentration as a Geological Principle’”—was to 
have been used, after revision, as his presidential address to the 
Geological Society. Another, a report on the surface geology of 
three counties of Michigan, had been transmitted to the state Geol- 
ogist for publication. Of the published writings seven are books, 
thirty are treatises of importance or reports of considerable extent, 
fifty contain minor contributions to scientific knowledge or discussion, 
and eighteen are to be classed as contributions to the popularization 


of science. 
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His more important additions to knowledge are in the fields of 
descriptive geology, dynamic geology, and physical geography. He 
described the Newark formation in New Jersey and Virginia, the 
Quaternary lakes of the northwestern part of the Great Basin, the 
recent faults and block mountains of part of the same region, and 
the surface geology or general geology of various areas in Washington, 
Oregon, Idaho, Utah, Michigan, and Alaska. He wrote on the 
origin of the red color of certain sedimentary formations. He dis 
cussed the nature of massive solid eruptions, and proposed a genetic 
classification of igneous intrusions. He studied and described 
glaciers in the Cascade region and Sierra Nevada, and about Mount 
St. Elias, Yakutat Bay, and Glacier Bay; discussed cirques, and the 
influence of incorporated débris on glacial flow; and added to the 
nomenclature of glaciers the now familiar term “piedmont.” He 
treated of the genesis of tundras and the natural history of playas, 
playa lakes, and playa deposits 

His wide range of first-hand knowledge abundantly qualified 
him for five works involving extensive compilation, and his simple 4 
and attractive literary style made them acceptable to a wide range 
of readers. Four of these pertain severally to the rivers, lakes, 
glaciers, and volcanoes of North America, and are called “ reading 
lessons for students of geography and geology;” the fifth is a general 
treatise on the geography of the continent; and all are recognized 
as standard works 

Russell was pre-eminently a scientific observer. His best work 
was in seeing, recording, and discussing the phenomena of a new 
field. His observation was sharpened by knowledge of existing 
theories, but not biased by them He was not a theorist seeking 
confirmatory facts, but an observer seeking explanations of the 
thing seen. His contributions to the body of scientific philosophy 
were many, but were not of the broadest scope, because they were i 
largely restricted to the field of his own observation, His contri 
bution to the body of scientific fact was exceptionally large, pri 
marily because he was keen, energetic, and industrious, but also 
because he was content with immediate explanations and did not 
delay publication to search for the broadest generalizations. By 


promptness in publication he doubtless incorporated some errors 
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of interpretation which might have been avoided by a more con- 
servative practice, but he also enlarged his output of permanently 
valuable material and avoided the reproach of resultless effort. 

In personal character he was of sterling quality, simple and 
unassuming, His manner was quiet, and he often seemed diffident, 
although he did not actually lack self-confidence. In lecturing he 
held his audience rather by the interest of his subject than by vigor 
of presentation. His conversation was not aggressive, but was 
distinguished by occasional bits of humor, spontaneous, sudden and 
peculiarly apt, so that his bon mot was not rarely the remembered 
gem of a social evening. Of medium height and rather slightly 
framed, his physique gave to the eye little suggestion of that capacity 
for sustained effort and endurance without which his more strenuous 
exploration would have been impossible. 





ON THE SO-CALLED “ POSTGLACIAL FORMATIONS” OF 
SCOTLAND 


JAMES GEIKIE, 
University of Edinburgh 


The purpose of this paper is to pass in review the several geo 
graphical and climatic changes which followed on the disappearance 
of the last very considerable snow-fields and glaciers from the Scottish 
mountains. Three well-marked stages in the glaciation of our 
country are readily recognized. The earliest of these is represented 
by the widespread ground-moraine long known here as our “ Lower 
Bowlder Clay.” This deposit was laid down during the epoch of 
maximum glaciation, when the whole country—mainland and 
islands alike—lay buried underneath one vast ice-sheet, which 
extended south as far as the valley of the Thames. The succeeding 


, 


stage is evidenced by our “Upper Bowlder Clay”—a deposit of the 
same general character and origin as the lower ground-moraine. 
The ice-sheet underneath which it accumulated, however, did not 
flow so far southward as its predecessor. It seems, indeed, to have 
barely reached the midlands of England. Nevertheless, Scotland 
was as broadly covered by this ice-sheet as by that of the earlier 
epoch. The next stage of glaciation was marked by the presence 
of district ice-sheets and large valley-glaciers in our Highlands and 
Southern Uplands, and by less imposing snow-fields and glaciers 
in the mountainous parts of England, Wales, and Ireland. This 
stage is represented by local accumulations of bowlder-clay, terminal 
moraines, and sheets of torrential gravels. 

There has always been considerable doubt among geologists 
as to where we should draw the line between glacial and postglacial 
deposits. Nor is this strange when we reflect that glacial condi- 
tions must have lingered longer in some regions than in others. 
The valley moraines of the Scottish Highlands, for example, belong 
to a much later stage than the “chalky bowlder-clay”’ of the Thames 

t The substance of a lecture given to the Scottish Natural History Society, June 


1900 
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valley. The deposits overlying that bowlder-clay have nevertheless 
been classified as postglacial, although it is obvious that they must 
be of much greater antiquity than the alluvia and peat resting upon 
the valley moraines and fluvio-glacial accumulations of our district 
ice-sheets in Scotland. The fact is, the term “ postglacial” is quite 
misleading, and ought never to appear in any general classification 
of formations. 

Continued research in Europe, America, and Asia has demon- 
strated that the so-called Ice Age was not one long uninterrupted 
period of glacial conditions, but an extensive cycle of alternating 
cold and genial conditions, which commenced before the close of 
Pliocene times and endured down to the very dawn of the present. 
I believe, therefore, that the upper members of the Pliocene system 
will before long be included in the Pleistocene, and that the latter 
will embrace all the glacial and interglacial stages. In a word, 
the term “Pleistocene” will eventually cover every accumulation 
formed during the great cycle of alternating climatic conditions. 
This being so, it will certainly include most of the deposits which 
in our and other glaciated regions are commonly termed posiglacial. 

For the present, however, let us consider the epoch of the “ Dis- 
trict Ice-Sheets and Mountain-Valley Glaciers,” to be the closing 
phase of the Ice Age in Scotland, and proceed to inquire into the 
history revealed by the co-called “postglacial deposits” of our 
country. The most representative of these accumulations are our 
raised beaches, estuarine and fluviatile terraces, lacustrine alluvia, 
and peat-mosses. 

RAISED BEACHES, ETC. 

At least three well-marked raised beaches are visible at many 
places upon our coastlands, Of these the oldest occurs at a height 
of 100 to 135 feet above the present sea-level. There can be no 
doubt that this beach belongs to the true glacial series, and I only 
refer to it in this place because the phenomena connected with it 
are similar in many respects to those associated with some of the 
younger “postglacial” raised beaches. In the great valleys of the 
Forth and Tay, for example, it forms extensive terraces, which, 
as they are followed inland, gradually rise to higher and higher 
levels and merge into fluvio-glacial gravels, while these last even- 
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tually become associated with large terminal moraines. In short, 
the beach in question belongs to that stage of the Ice Age which I 
have termed the epoch of “ District Ice-Sheets and Mountain-Valley 
Glaciers.”” During that stage our Highland fiords or sea lochs 
were invaded by great glaciers, and in their upper reaches we look 
in vain therefore for any trace of the 100 foot beach. At their lower 
ends, however, and on the open coast between adjacent sea lochs, 
the beach is frequently conspicuous. We can thus readily picture 
to ourselves the general aspect of Scotland at that time. The sea, 
with its arctic fauna, covered such of our present low grounds as 
do not exceed 130 feet in height or thereabout. Our estuaries were 
in winter largely frozen over, while in spring and early summer the 
ice, broken up into flows, often ran aground in shallow water—con- 
torting and confusing the marine sediments in course of formation, 
Many erratics were by the same agency distributed over the floor 
of the sea, A continuous snow-cap covered the Highlands, from 
which large glaciers descended in many places to the coast, where 
they calved their icebergs—another fruitful source of erratics. In 
the Southern Uplands very considerable ice-streams likewise existed 

some of which were of such extent that they escaped from their 
mountain valleys and deployed upon the low ground beyond, but 
none reached the seacoast. The central lowlands were at this 
time clothed with a truly arctic flora—among the characteristic 
plants being various northern willows (Salix polaris, S. herbacea, 
S. reticulata), dwarf birch (Betula nana), mountain avens (Dryas 
octopetala), etc. Associated with these arctic plants in the lacustrine 
deposits of the time A pus glacialis occurs in great abundance. As 
this phyllopod is now met with only in fresh-water lakes in Green- 
land and Spitzbergen, its presence in the ancient alluvia of central 
Scotland tells a plain tale. 

All the deposits belonging to this stage, therefore—glacial, fluvio- 
glacial, lacustrine, and marine alike—we are justified in assigning to 
the Ice Age, and we may provisionally consider them as representing 
its closing phase. 

The next succeeding raised beach is met with at a height of 45- 
50 feet above the present sea-level. Like its predecessor (the 100 
foot beach), it is best developed in our great estuarine valleys—as 
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those of the Tay, the Forth, and the Clyde. Usually it assumes the 
form of well-marked terraces of gravel, sand, clay, and silt; but 
on the more open seacoasts it is not infrequently represented by 
ledges or benches cut in the solid rock. Most of the shells, etc., 
which it contains belong to still indigenous species. 

Obviously a considerable interval of time separated the formation 
of these two raised beaches. Before the 45-50 foot beach began to 
be formed, the characteristic arctic species of the older beach had 
disappeared from our coasts, Further, there is evidence to show 
that after the 1oo foot beach had been lifted out of the water, it 
was for a lengthy period subjected to severe erosion—more especially 
in our estuarine valleys. Moreover, it is quite clear that this erosion 
was effected by rain and rivers when the land stood at a relatively 
higher level than it does today, and at a date long prior to the forma- 
tion of the 45-50 foot beach. In the valleys of the Tay and Earn, 
for example, the accumulations of the 1oo foot beach have been 
extensively trenched and swept away from broad tracts, so that 
they now form terraces, the bluffs of which overlook the later carse 
deposits of the 45-50 foot beach. That the erosion referred to was 
not the work of the sea in which these younger estuarine beds were 
formed is proved by the simple fact that the latter do not rest directly 
upon the denuded deposits of the too foot beach. On the contrary, 
they are separated from these by a widespread sheet of peat, and 
this is directly underlain by river silt, clay, sand, and gravel. 

It is clear, then, that the latest stage of the Glacial Period was 
accompanied or followed by a change in the relative level of land and 
sea. The sea retreated to a lower level than the present, while 
rivers plowed their way down through the deposits of the 1oo foot 
beach, and in time formed broad alluvial flats which were overlooked 
on either side by the bluffs and terraces of the denuded shelly clays. 
By and by these younger “haugh-lands” were overspread with 
dense vegetation—the general character of which betokens a climate 
not less temperate than the present—the dominant species of trees 
being oak, alder, hazel, birch, etc. This old land-surface is now 
represented, as I have already mentioned, by a thick bed of peat— 
the rootlets of trees and other plants penetrating the underlying 
fluviatile deposits. 
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The deposits of the 45-50 foot beach immediately covering the 
peat are crowded, especially toward the base, with leaves, branches, 
and twigs of the trees just mentioned. When these estuarine accu- 
mulations are followed up the Tay valley, they gradually become 
more and more arenaceous, until eventually they merge into ordinary 
river alluvia—the materials of which become increasingly coarser 
as they approach the mountains. 

It is worthy of note that the 45-50 foot beach often fails to appear 
at the heads of particular fiords in the west Highlands, although 
it may be well developed in their lower reaches. This is explained 
by supposing that glaciers may have occupied the upper ends of 
such fiords during the depression of the land—an inference much 
strengthened by the fact that at the head of Loch Torridon, where 
the beach in question is well seen, it is capped by conspicuous ter- 
minal moraines. This evidence, so far as it goes, leads to the con 
clusion that the more important phenomena characteristic of the 
100 foot beach, were repeated—but on a smaller scale, and in a 
less pronounced degree—in the case of the 45-50 foot beach. In 
a word, we are forced to believe that during the formation of the 
latter snow-fields and glaciers existed in the Highlands. 

The latest conspicuous raised beach is that occurring at an average 
level of 25 to 30 feet above the sea. The only shells it has yielded 
belong to still indigenous species. Nowhere, so far as known, do 
the deposits of this beach merge inland into fluvio-glacial gravels, 
nor does the beach appear to be anywhere associated with moraines. 
It frequently contains drifted stools and trunks of pine and other 
trees of large size. Now and again also we find it resting directly 
upon peat with trunks and stools of trees rooted in an underlying 
soil. It is often hard to say, however, whether these ancient land 
surfaces may not sometimes be on the same geological horizon as 


the peat that underlies the deposits of the 45-50 foot beach. 
PEAT-MOSSES 
Postponing for the present any further remarks on the evidence 
supplied by our so-called postglacial raised beaches, I would shortly 


direct attention to certain other accumulations, which indubitably 
belong to later times than the closing stage of the Glacial Period, 
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as heretofore defined. I refer to our peat-mosses. Everyone is 
familiar with the fact that in and underneath these the relics of 
forest vegetation frequently occur. In many places throughout 
Scotland—as well in high grounds as in low grounds—the peat 
mosses cover at least two ancient forest-beds. Typically the older 
forest-bed occurs at the base of the peat, while the younger tier of 
trees rests upon, and is covered by, a variable thickness of peat. In 
some bogs only a foot or two may separate the forest-beds, while 
elsewhere the intervening peat may attain a thickness of many yards. 
So far back as 1866 I endeavored to show that the very general 
occurrence of these phenomena was indicative of climatic changes.’ 
The forest-beds, I maintained, were the products of relatively dry 
or continental conditions, while the intervening and overlying sheets 
of peat indicated colder and wetter conditions. I further pointed 
out that at the present time all our peat-mosses are more or less 
rapidly decaying, and being denuded by rain and wind—that, 
although peat is now forming here and there under favorable 
conditions, still that this is exceptional—the rate of growth being 
generally much exceeded by the rate of decay and removal. From 
this striking fact I inferred that the climate of Scotland has become 
drier since the formation of the peat overlying our upper forest-bed. 

The earlier writers on the origin of the Scottish peat with its 
buried trees did not recognize the influence of climatic changes in 
the destruction of the old forests and their subsequent entombment 
in peat. According to them, the formation of the peat-bogs was 
due to the overthrow of the forests, chiefly by man’s hand, but also 
perhaps by natural causes, such as tempestuous wind. The whole- 
sale downfall of the forests, it was believed, had obstructed the 
natural drainage of the land, and thus induced marshy conditions 
favorable to the growth of sphagnum and its allies. More recently 
it has been suggested by some writers that in certain cases the 
drainage may have been interrupted by the heaping-up of banks 
of sand, clay, or other superficial accumulations, across broad val- 
leys, whereby the forests over wide areas may have been destroyed 
by stagnant water, and thus have given rise to the formation of bogs. 
This is a somewhat far-fetched explanation. If it had any evidence 


t Transactions of the Royal Society of Edinburgh, Vol. XXIV (1866), p. 363. 
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in its favor, this should not be hard to recognize. Where, one might 
ask, are those convenient bars or banks behind which the stagnant 
water is supposed to have accumulated ? 

That none of these explanations can be accepted as sufficient 
to account for the phenomena of our peat-bogs in general is shown 
by the mere fact that the buried forests are not confined to the peat 
of lowlying and gently undulating ground—to situations, namely, 
where the drainage might possibly have been disturbed by one or 
other of the causes suggested. On the contrary, they occur just as 
constantly in the peat covering mountain slopes and hilltops, where 
owing to the form of the ground, interruptions of the drainage could 
not possibly take place. Moreover, the nearly constant occurrence, 
throughout the peat of low grounds and high grounds alike, of at 
least two buried forests, obviously points to the operation of some 
widely acting recurrent cause. 

Conclusions similar to mine were subsequently advocated by the 
late Professor Blytt, who, after a careful study of the peat-mosses of 
Norway, was convinced that these gave evidence of a well-marked 
alternation of wet and relatively dry climatic conditions having 
obtained after the low grounds of that country had been vacated 
by the great inland ice of the Glacial Period.'' I need only add 
that the phenomena of successive “buried forests” have long been 
recognized almost everywhere in the peat-bogs of northern and 
northwest Europe. The occurrence of these trees, however, has been 
variously interpreted—some authors upholding views that are 
practically the same as those I ventured to set forth so many years 
ago, while others would attribute the origin of the peat-mosses to 
the overthrow of the trees by the various causes already referred to. 

When we come to inquire into the relation of our Scottish peat- 
mosses to the glacial deposits, we have no difficulty in discovering 
that they are of later date than the epoch of “District Ice-Sheets 
and Mountain-Valley Glaciers.” This is proved by the fact that 
the peat with its buried trees overspreads the fluvio-glacial gravels 
and moraines of that epoch. It would appear, then, that the oldest 
of our inland peat-mosses occupy the same geological horizon as 

t Essay on the Immigration of the Norwegian Flora during Alternating Rainy 
and Dry Periods, 1876. 
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the peat and alluvia which have been referred to as underlying the 
deposits of the 45-50 foot beach, and which, as we have seen, rest 
upon the denuded deposits of the 100 foot beach. It is thus hardly 
possible to escape the conclusion that the ancient land-surface buried 
under the carse clays of the 45-50 foot beach is contemporaneous 
with the lower forest-bed of our inland peat-mosses. This, as I 
believe, gives us the key to the history of all the later climatic and 
geographical changes experienced by our country. 

Summing up the evidence, we may recognize the following 
succession of events in the history of postglacial Scotland: 

1. After the District Ice-Sheets and Mountain-Valley Glaciers 
had disappeared, the land gained in extent—the sea eventually 
retreating considerably beyond the present coast-line. The climate 
at the same time gradually improved, until genial conditions super- 
vened and a strong forest growth covered the low grounds, and 
extended upward to elevations which trees in our country no longer 
attain. The relics of that great forest epoch we find in the Lower 
Forest Zone of our peat-mosses. 

2. Next followed partial subsidence of the land, accompanied 
before long by a relapse to cold conditions. Snow-fields now reap- 
peared, and considerable glaciers descended our mountain valleys 
and in some places reached the sea. The climate was wet and 
ungenial—the forests decayed, and bog-mosses gradually usurped 
their place. To this stage we assign the Lower Peat of our inland 
“mosses,” and the 45-50 foot beach, as well as certain moraines 
and fluvio-glacial gravels. 

3. The succeeding stage was characterized by re-elevation of the 
land, and the retreat of the sea beyond the present coast line. But 
the land was probably not so extensive as during the preceding 
forest epoch. This geographical change was marked by the disap- 
pearance of perennial snow and ice, and by a return to dry, genial 
conditions, apparently similar to those that formerly obtained. 
Forests again clothed the land—flourishing in many places over the 
surface of the now desiccated peat-mosses. This stage is represented 
by the Upper Forest Zone of our inland peat, and by the trees which 
occur under the deposits of the 25-30 foot beach. 

4. Once more partial subsidence ensued, and the climate again 
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became somewhat cold and wet. Over wide areas the forests, 
as before, began to decay, and were eventually buried under the 
rapidly extending peat-mosses. We cannot actually demonstrate 
that snow-fields and glaciers reappeared at this stage. The latest 
beach we are able to correlate with the upper peat, but that beach 
is nowhere associated with moraines or glacial gravels. Neverthe 
less, we are not without evidence suggestive of the appearance at 
this time of inconsiderable glaciers among our highest mountains. 
The small glaciers referred to undoubtedly belong to a later date 
than the glaciers that dropped their moraines on the 45-50 foot 
beach. It is therefore not unreasonable to infer that our high-level 
corrie glaciers may have been contemporaneous with the formation 
of the 25-30 foot beach, and the Upper Peat of our inland “ mosses.” 
But the chief evidence of cold, wet conditions is unquestionably 
that furnished by the Upper Peat itself. It covers the Upper Forest 
Zone in precisely the same way as the Lower Peat overlies the Lower 
Forest Zone. 

5. The final stage witnessed the retreat of the sea to its present 
level. The climate now became drier, and peat-mosses ceased to 
flourish as they had done in the immediately preceding epoch. Thus 
the final phase of postglacial history may be said to be characterized 
especially by the general decay and denudation of our peat-mosses— 
the vegetation growing upon which is almost invariably of a drier 
type than that found in the immediately underlying peat itself. 

Did space permit, I might follow other lines of evidence, all 
leading to the conclusion that oscillations of climate marked the 
closing stages of Pleistocene times. For example, the phenomena 
presented by the alluvial terraces of our larger river valleys might 
be referred to. It would not be hard to show that, during the so- 
called “postglacial” period, our rivers have at some stages been 
most active as eroding agents, while at other stages their chief work 
has been the transportation and deposition of sediment. During 
genial epochs, when the land stood at a higher level than now, our 
rivers busied themselves especially in deepening and widening their 
courses—in trying to sweep away the glacial and fluvio-glacial 
detritus with which their valleys had been so largely choked, During 
cold, wet epochs the land was depressed below its present level, 
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and the larger rivers were then chiefly engaged in filling up the 
lower reaches of their valleys with the abundant sediment brought 
to them by their active tributaries. In a word, epochs of dominant 
erosion alternated with epochs of prevalent deposition. 
I might also cite, in support of my general conclusions, certain 
facts relating to the present and past geographical distribution of 
animals and plants. The appearance, for example, in the North 
Atlantic, of isolated colonies of southern types of molluscs, surrounded 
on all sides by boreal and cold-temperate forms; and the occurrence 
now and again of similar no longer indigenous molluscs in the raised 
beaches of Nova Scotia, Greenland, Spitzbergen, and Scandinavia, 
are all alike strongly suggestive of warmer conditions having at 
| a very recent period characterized the North Atlantic. Quite in 
| keeping with these phenomena is the fact that the beaches in question 
are often crowded with southern types which, although still lingering 
on in these northern seas, do not now attain so large a size as their 
postglacial predecessors, while they are obviously much less abundant. 

But these, and other lines of evidence, suggested especially by 
the geographical distribution of plants in temperate Europe, cannot 
be considered at present. 

Although the proofs of alternating genial and ungenial climates 
supplied by our peat-mosses seem to me too strong to be resisted— 
fortified as they are by the evidence yielded by our raised beaches 
and recent morainic accumulations—I have yet long felt that they 
would probably be still further confirmed if our peat-mosses were 
subjected to a thorough examination by competent botanists. I 
could not doubt that a careful study of the constituents of our peat- 
mosses would throw light on the changing character of the climate 
during the period of their accumulation. It was obvious, even to 
me who am no expert in botany, that peat was composed of other 
plants than the bog-moss—in many sections I could see what appeared 
to be a succession of layers made up of the remains of different 
kinds of plants. And often have I regretted the botanical ignorance 
which forbade any attempt on my part to interpret what that succes- 
sion meant—that it had some interesting tale to tell I did not doubt. 
Fortunately the work of interpretation has at last been taken up by 


an accomplished botanist. Mr. Francis J. Lewis, of the University 
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of Liverpool, has during the last few years subjected our peat 
mosses to a careful examination, with results that are sufficiently 
striking. His work is not yet completed, but he has already studied 
the peat of our Southern Uplands, and carried on similar researches 
throughout wide areas in the Highlands. The data now collected 
have convinced him that a definite succession of plants everywhere 
characterizes the Scottish peat: and he confirms the view of alter 
nating climatic conditions which I formulated forty years ago. 

The Southern Uplands is the general term applied to that belt 
of hilly and mountainous country which extends from the coasts of 
South Ayrshire and Wigtonshire to the high grounds that terminate 
on the east coast between the valleys of the Tweed and the Tyne. 
Throughout this broad tract peat-mosses abound—large areas of 
the higher grounds being of a dominantly moorland character. 
Nowhere are the peat-mosses better developed than in the moun- 
tainous district of Merrick, in Galloway, and in the lofty region 
in which the river Tweed takes its rise. To these two typical areas 
Mr. Lewis has devoted special attention, and the results of his obser 
vations have already been published.' | In both districts the peat 
mosses bear the same relation to the glacial and fluvio-glacial deposits 
—they everywhere overlie the moraines and morainic detritus of 
our “ District Ice-Sheets and Mountain-Valley Glaciers.” 

The first well-marked zone at the base of the peat in the Southern 
Uplands is a solid layer of the remains of white birch (Betula alba), 
mixed with such plants as heather (Calluna vulgaris), and willow 
Salix repens). Mr, Lewis thinks it is hardly possible that this 
zone represents the primitive vegetation which covered the Uplands 
immediately after the disappearance of glacial conditions. The 
first-comers would naturally be arctic types, the preservation of 
which, however, would entirely depend upon climatic and local 
conditions. In the Merrick District Mr. Lewis observed that in 
many places a thin layer of peat occurred immediately underneath 
the birch zone, but unfortunately the material was in too decom 
posed a condition to allow of the identification of any particular 


The Plant Remains in the Scottish Peat-Mosses; Part I: The Scottish 
Southern Uplands,” Transactions oj the Royal Soc iety of Edinburgh, Vol. XLI (1905), 
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plants. It is quite possible, he thinks, that the structureless peat 
referred to may represent the primitive vegetation of the district." 
I may remark that similar structureless peat not infrequently under- 
lies the lower forest-zone in the peat-bogs of Scandinavia, 

The birch zone is directly overlain by a thick stratum of peat, 
composed entirely of bog-moss (sphagnum), This succession is 
constantly repeated throughout the Southern Uplands—alike in the 
peat at the bottoms of valleys, and in that upon steep hillsides and 
flat hilltops. The sphagnum bed thus bears witness to a general 
increase of precipitation—it represents, in short, a change from 
birch-forest conditions to wet moorland. 

As successive layers of the peat are followed upward, Mr, Lewis 
finds that the bog-moss gradually gives place to cotton-grass (Eri- 
ophorum vaginatum) and rushes (Scirpus). After these plants 
had flourished for some considerable time, a decided change of 
climate supervened, In the Merrick district the cotton-grass peat 
is covered by a dense layer of the stems of crowberry (Empetrum 
nigrum), and two characteristic Arctic willows (Salix herbacea and 
S. reticulata), The same zone is represented in the peat of Tweeds 
muir by the crowberry, and the creeping azalea (Loiseleuria pro- 
cumbens)—the latter being a typical Arctic form. The constant 
appearance of this remarkable zone throughout the Southern Uplands 
can have only one meaning—it points unmistakably to a decided 
decrease of temperature. It indicates a stage during which the valleys 
of Southern Scotland were characterized by a climate as rigorous as 
that now experienced on the summits of our loftiest mountains. 

The gradual dying-away of this cold epoch, and the reappearance 
of forest vegetation, are, according to Mr. Lewis, faithfully chron 
icled by the peat. The crowberry, the arctic willows, and the creep 
ing azalea give place above to cotton-grass, and this in its turn to 
bog-moss or sphagnum—a succession common to the peat through 
out the Southern Uplands. Eventually the wet moorland conditions 
indicated by the sphagnum peat passed away; the bogs dried up, 
and were invaded by trees—by forests of pine in the Merrick district 
and forests of white birch in Tweedsmuir. 


t The evidence wanting at the base of the peat is supplied by the lacustrine allu- 


via of the central Lowlands already referred to. See p. 5. 
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Finally, the conditions again became adverse to forest growth, 
and the trees of this Upper Zone were gradually buried under a 
stratum of peat, consisting chiefly of rushes, bog-moss, and cotton- 
grass. 

In comparing the peat-mosses of the Southern Uplands with 
those of the Northern Highlands, Mr. Lewis finds that the latter 
begin their history at a later stage than the former. At high levels 
in the highlands none of the beds underlying the zone of arctic 
plants in the Southern Uplands puts in an appearance. The reason 
for this is obvious. The recurrence of cold conditions, indicated 
by the arctic plants of the Southern Uplands, was more strongly 
marked in the Northern Highlands. In those elevated regions 
considerable snow-fields and glaciers reappeared, and all peat-beds 
representing the lower forest zone of southern Scotland were swept 
away. As these glaciers in the north began to retreat, a tundra 
vegetation invaded the formerly glaciated tracts. Arctic willows 
Salix reticulata and S, herbacea) at first were dominant forms, 
but these gradually gave place to subarctic types (Salix Arbuscula, 
Betula nana, Empetrum nigrum, etc.). By and by this subarctic 
brush-wood disappeared, and was succeeded by a close growth of 
cotton-grass and bog-moss, interspersed with some scraggy birch. 
That the climate eventually became more humid is suggested by 
the fact that the birch in its turn vanished, and sphagnum alone 
continued for a long time to occupy the ground, These wet moor 
land conditions next passed away—the thick sphagnum peat drying 
up, and eventually supporting a forest of large pines, with an under 
growth of common heather. The great pine forests of this Upper 
Zone, it may be mentioned, flourished at elevations between 2,000 
and 3,000 feet above the present sea-level. Finally they decayed, 
and were gradually buried under peat consisting chiefly of bog- 
moss and rushes, 

My limits will not allow me to enter into other interesting evidence 
adduced by Mr. Lewis. I may just mention, however, that he 
finds everywhere evidence that existing conditions no longer favor 
the general growth of peat. On hilltop, hillside, and in upland 
valleys alike, the peat, he says, is almost without exception being 


rapidly wasted away. The vegetation at present covering the peat 
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is nearly always of a drier type than that occurring at slightly greater 
depths—a fact, he remarks, not without its bearing upon the present 
denuded state of the “mosses.” 

From this brief and imperfect summary of the results obtained 
by Mr. Lewis, it will be admitted that the geological evidence of 
climatic changes in so-called postglacial times has been decidedly 
strengthened. It is most satisfactory to learn that a definite zone 
of arctic plants is intercalated in the peat separating the lower from 
the upper forest-bed. The occurrence of these plants midway 
between the two forest zones, and the succession of plant remains 
in the peat-beds immediately overlying and underlying the zone of 
arctic plants, all point to a gradual change from dry forest to wet 
moorland, and from wet moorland to cold tundra, and again from 
cold tundra to wet moorland, and from the latter to dry forest. 

In the peat overlying the Upper Forest zone no trace of arctic 
plants has been met with. Mr. Lewis thinks it is possible, however, 
that these may yet be detected in those high-level peat-mosses which 
were formed contemporaneously with the moraines of the youngest 
corrie glaciers. It may be so; but I doubt whether the wet and 
relatively cold conditions indicated by the high-level corrie moraines, 
and the peat which covers the Upper Forest zone, were sufficiently 
pronounced to induce any conspicuous modification of the flora, 
All we can infer is that the climate was inclement enough to check 
forest growth, and to favor the increase of the bog-moss and its 
allies. ‘The temperature, however, need not have differed greatly 
from the present. Only a slight lowering of the present tempera- 
ture, with a corresponding small increase of precipitation, would cover 
our highest mountains with perennial snow-caps and reproduce their 
corrie glaciers. 

The various superficial accumulations which have formed the 
subject of this address are usually classified as postglacial, But as 
they obviously carry on the story revealed by the older glacial and 
interglacial deposits, they ought not, in my opinion, to be separated 
from these. They form the concluding chapters of the history of 
Pleistocene times. That great cycle of climatic oscillations which 
commenced before the close of the Pliocene period and reached 
down to the dawn of the present, forms one of the most remarkable 
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episodes of the past, and ought to be recognized in our classification 
as constituting a distinct division of time. By refusing to do so, and 
including the Weybourn Crag, the Cromer Forest bed, etc., in the 
Pliocene, we cut off from the Pleistocene the earliest recognizable 
glacial and interglacial epochs; and we similarly separate from the 
great cycle its closing phases when we classify these as postglacial. 
So far as temperate Europe is concerned, it is only the present which 
is postglacial, 

How many climatic oscillations may eventually be included in 
the so-called glacial period we cannot tell. If we confine attention 
to such glacial and interglacial stages as are actually known, it would 
seem that the climax of each phase was attained in early Pleistocene 
times. After that climax was passed, each successive glacial and 
interglacial epoch declined in importance—the contrast between 
the two phases gradually became less pronounced, Interglacial 
conditions reached their maximum with the advent in our latitude 
of the great southern pachyderms—hippopotamus, elephant, and 
others—and died out with the Upper Forest Zone of our peat-mosses. 
Glacial conditions culminated with the appearance of the enormous 
ice-sheet of the Saxonian stage, and finally disappeared, so far as 


Scotland was concerned, with the small isolated snow-fields and 


diminutive glaciers of our loftiest Highland mountains, 

















THE THREE PALEOZOIC ICE-AGES OF SOUTH AFRICA 
ERNEST H. L. SCHWARZ 


When Mr. Rogers and myself commenced the systematic geo- 
logical survey of Cape Colony in 1896, we had no evidence before 
us which would allow us definitely to refer to one period of glaciation 
in the stratigraphical series. Sir Andrew Ramsay’s discovery of 
ice-action on pebbles in the Permian Conglomerates of Great Britain? 
had been discredited, and the failure of the Paleozoic glacial theory 
in Europe had been taken to mean that it must be a failure in other 
parts of the world as well; no matter how good the specimens of 
glaciated bowlders and the photographs of ice-scored floors, or that 
came home from India, Australia, or South Africa, no one would 
believe in the Permian Ice Age. I was myself skeptical when I 
first came to South Africa, and at a meeting in Cape Town, when 
some of the glaciated Dwyka Conglomerate pebbles were exhibited, 
assisted in recording the belief that there was in these scratches no 
satisfactory evidence of ice-action. I have before me at the Albany 
Museum some earlier bowlders collected by Mr, E, I. Dunn, together 
with a slab from beneath the till which is scored by ice, and I do 
not see how any definite opinion can be derived from them alone. 

In the field it is different; there the evidence is overwhelming, as 
I was soon to see when I joined the Geological Survey later on, but 
the difficulty is to obtain specimens which in themselves show unmis- 
takable signs of ice-action. When, therefore, I was in due time 
convinced of the glacial origin of the Dwyka Conglomerate, I could 
not merely record my opinion that the field evidence was satisfactory ; 
I had to produce specimens which would convince headquarters in 
Cape Town. I sought for specimens of bowlders which were not only 
characteristically scratched, but were also faceted. I obtained several 
in the first year showing three or four definite friction-cut planes on 
each, all bearing several series of parallel grooves, while the remainders 


t Quarterly Journal oj the Geological Society, London, 1855, pp. 185-202; ibid., 


15904, P 402. 
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of the bowlders were rough and water-worn.' The inability of the 
mind to imagine natural causes for the production of thse facets, other 
than that which assumes that the foot of a glacier held the bowlders 
firmly against the floor as the ice moved onward, and ever and again 
allowed the bowlder to slip and turn slightly, has been sufficient to 
convert most skeptics to belief in the glacial origin of the Dwyka 
Conglomerate, and for ten years Mr. Rogers and myself have been 
slowly converting to this view the travelers who enter the country at 
Cape Town, culminating in the visit of the British Association last 
year, 

The Dwyka Conglomerate, and its equivalent in Australia and 
India, is too well known now to require description here, but I have 
introduced the account of the part which Mr. Rogers and myself 
played in the elucidation of the problem in order to show the cre 
dentials with which we offer evidence of two more glacial periods in 
South Africa, The evidence of each was discovered by Mr. Rogers; 
the evidence of one, probably Devonian in age, | have examined in 
the field ;? the other is probably Archean, and although I have not seen 
the glacial beds in place, the specimens which Mr. Rogers has sent 
me afford ample material for confirming his interpretation. 

The rocks of South Africa may be divided into a Pal-Afric and 
Neo-Afric series, the latter beginning about the close of the Silurian 
or commencement of the Devonian period, and lasting up to the 
time of the Kimberley and Stormberg volcanoes, say, to the Jurassic 
period. The Pal-Afric rocks are pre-Devonian. The resemblance 
of some of them to the Lake Superior Archean rocks has suggested 
a like age for them.* The enormous displacements they have been 

innual Report of the Geological Commission, 1896 (Cape Town, 1897), p. 28; 


ibid., 1897 (Cape Town, 1808), p. 41; ibid., 1899 (Cape Town, 1900), p. 13 
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\. W. Rogers and E. H. L. Schwarz, “Report on the Cederbergen and Adjoin 


ing Country,” Annual Report of the Geological Commission for 1900 (Cape Town, 
wor), p. 79; A. W. Rogers, ““On a Glacial Conglomerate in the Table Mountain 
Sandstone,” Transactions of the South Ajrican Philosophical Society, Vol. XI, pp. 236 


42 Cape Town, Ig02) ibid., Vol. XVI, pp. t © (1905). 
A. W. Rogers, “The Campbell Rand and Griquatown Series in Hav,”’ Trans- 
actions of the Geological Society of South Ajrica, Vol. 1X, pp. 1-9 (Johannesburg, 1906). 
+E. H. L. Schwarz, “The Transvaal Formation in Pricska,”’ 7ranslations of 
the Geological Society of South Ajrica, Vol. VIII, P- 95 and p. I xiii. (Johannesburg, 
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subjected to, the vast extent of the volcanic rocks injected through 
them, the number of successive periods of vulcanism and the greatness 
of the unconformities between the several members of the Pal-Afric 
series, and between it and the Neo-Afric series, all tend to establish 
a great age for the Pal-Afric rocks. Leaving out the Barberton and 
Witwatersrand beds, which do not concern us here, the later beds 
may be classified as follows: 

Vatsap or Waterberg Series 

Ongeluk Volcanic Series 

Griquatown or Pretoria Series (with glacial beds). 

Campbell Rand Series 

Black Ree} Series 

Pneil Volcanic Series 
Possibly there is a second quartzite series, the Keis series, below these. 
The Pal-Afric rocks end on a line running roughly northeast- 

southwest, south of which they are covered by the Neo-Afric beds. 
On the northeast and southwest, however, the older rocks bend round 
toembrace the younger ones round the rim of a basin-shaped depres 
sion, and they were probably at one time continued right round the 
southern limit of the Neo-Afric beds as well. We can, indeed, find 
some evidence for two lines of older elevation, both of them running 
northeast-southwest, the more northern of the two following the 
northern rim of the Karroo, and the more southern one continuing 
the Madagascar ridge southward along the margin of our coasts. At 
first there was a sinking where the southern shores of South Africa 
now lie, and in the comparatively narrow strait thus formed the coarse 
grained, intensely false-bedded table mountain sandstone was 
deposited. A deepening of the basin allowed the settlement of the 
Bokkeveld beds with their Lower Devonian fossils. Then came the 
Witteberg quartzites, with Lower Carboniferous plants, the Dwyka, 
Ecca, Beaufort, and Stormberg beds. We may tabulate the Neo-Afric 


beds thus: 


DRAKENSBERG LAVAS 


Stormberg Series . . . . . . . . . ~ Rhaetic 
Beaufort Series . . ae 
eT ee ee ee ee ee Permo-Triassic 
Dwyka Series (with glacial beds) . . Carbo-Permian 
Witteberg Series. . . . . . Lower Carboniferous 
Bokkeveld Series. . . . . Lower Devonian 


Table Mountain Series (with glacial beds) . . ? 
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The full conformable series is found only on the south; on the 
north, the series begins with the Dwyka Conglomerate, here a sub 
aérial deposit, which can be followed southward along the rim of the 
structural basin to where it is essentially a subaqueous deposit, and 
the Witteberg, Bokkeveld, and Table Mountain beds may be seen 
coming in successively beneath it. The Stormberg beds, again, are 
only found in the east. 

The Griquatown beds are a highly ferruginous series of shales 
and slates, sometimes moderately soft and unaltered, when the 
characteristic color of the whole is blue-black, and the fissures are 
filled in with blue asbestos or crocidolite. But more often an intense 
alteration has taken place, and the rocks have become jaspers and 
quartzites, heavily charged with hematite and magnetite, and the 
crocidolite has been changed to the quartz pseudomorph, the beau- 
tiful honey-yellow tiger eye. Near the top of the series, in the dis 
trict of Hay, west of Kimberley, there is the well-developed glacial 
till, the matrix now converted into a red jasper; yet the bowlders 
of chert, when weathered out, show the unmistakable faceting and 
scratching which can have been caused only by glacial action. 
The freshness of the appearance of the ice-scratched bowlders is 
the more remarkable when one realizes that not only the matrix, but 
the inclusions as well, have been indurated by metamorphism. 
The size of the bowlders varies up to two feet, and they are scattered 
at random through the matrix, to which they bear a very small pro- 
portion in regard to bulk; but occasionally there is a small bed of 
pebbles or coarse grit. Mr. Rogers records at one locality a number 
of “ Dreikanters,”” but I do not know whether anything additional 
can be learned from them. I have found them in large numbers in 
some of the Witwatersrand conglomerates. The whole thickness 
of the glacial till is probably under too feet, but the extent of country 
covered by it in the area already mapped is over 1,000 square miles. 

The Table Mountain sandstone glacial bed is very similar in 
position and character, though not of course in metamorphism, to 
the Griquatown one. When the Geological Survey commenced 
operations, there were two series of quartzites, the Table Mountain 
and the Witteberg, which had been mixed up, so that, in order to 
find some way of either distinguishing or definitely joining up the 
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two, I took the two series bed by bed. I found that both series 
were characterized by a shale band near the top. In the Table 
Mountain bed, when it became clear that this series underlay the 
fossiliferous Devonian Bokkeveld beds, I hoped to find some organic 
remains, and searched some good exposures in Ceres District fairly 
thoroughly, but I never came across any bowlders in it. It was not 
till several years afterward that we found the ice-scratched bowlders 
in the same bed and along the same range of mountains. 

The Karroo in the southwest is bordered by ranges of mountains 
which run east and west along the south, and north and south along 
the west, meeting in a great knot, perhaps as good an example of 
Suess’s Schaarung as exists anywhere. The folds of the southern 
ranges have been huddled against granite bosses by pressure from 
the interior, and the rocks have been so compressed that it is hard 
to distinguish separate beds; on the east, where the granite ends, 
and the folds have had room to expand seaward, the shale band at 
the top of the Table Mountain series is again apparent. Owing, 
however, to the nature of the rock in this band, which allows its 
more easy disintegration, as compared with the quartzites above 
and below it, it is, wherever I have seen it, covered with débris, 
so that I cannot say positively that the glacial beds do not extend 
eastward, but I do not think they do. 

Following the shale band northward of the junction knot of 
mountains, the rocks composing it consist of soft slates very finely 
laminated in places. The quartzites above it are about 500 feet 
thick, while the band of shale perhaps might be put down at 300 
feet, the whole Table Mountain series being estimated at 5,000 
feet. The mountains soon become exceedingly rough and difficult of 
access, and the slopes become cumbered with débris. Broadly, the 
mountains are formed by an S-shaped bend, the anticline on the 
Karroo side, constituting the Cederberg Range, and the syncline 
holding in its embrace the valley of the Olifants River. At a certain 
point in the Cederbergen, the Cape Ceder, Callitris (Widdring- 
tonia) juniperoides is found growing, but not south of this, nor, 
indeed, anywhere else in the world. Up to this point, from the 
south, the shale band is not conglomeratic, and in the first road- 
cutting north of this point the shale band does contain ice-scratched 
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bowlders. 


As there is no other difference in the nature of the rock 
north and south of the point, nor is there any difference in the ele 





Fic. 1 


The Witzenbergen, from the top of the Schurftebergen, showing the 


steeply inclined Table Mountain sandstone near the head of the Witzenberg Valley, 
and the shale band at the top of that rock series. 


Ceres Division, Cape Colony 
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The foreground is made of Devonian slates. The 
reduplication of the shale band is due to a sharp fold, and on the right a sudden 
change in the strike is seen. The Cold Bottweld, Ceres Division, Cape Colony. 
vation or structure of the mountains, or of the rainfall upon them 
to account for the cedars stopping at this point, one is left, by the 
process of elimination, to somehow connect the distribution of the 
trees with that of the glacial conglomerate. 
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\ typical section of the shale band on the Clanwilleain side of the 


Cederbergen gives: 


a ; : 200 feet 
Shaly conglomerate . ....... 20 feet 
Conglomerate. ‘ sy 100 feet 


The conglomerate is a mudstone containing pebbles and bowlders 
up to fifteen inches in diameter. The latter consist of quartz, three 
distinct varieties of quartzite, sandstones, felspathic grits, diabase, 
amygdaloidal melaphyre and granite, and are well faceted, and 
the closer-grained ones strongly and characteristically scratched. 
North of Clanwilleain, the Table Mountain sandstone rapidly thins 
out, and the upper beds one by one drop out till, in Van Rhyn’s 
Dorp, the Dwyka Conglomerate is separated from the Pal-Afric 
beds by only a few feet of quartzite, and in Bushmanland rests 
directly upon them, There may be a locality where the Permian 
glacial beds rest directly on the Devonian ones, but we have not 
found such a one. Apart from stratigraphical evidence, it would 
be extremely difficult to separate the two; the only difference we 
could find—and it amounts to very little—is the presence of quartz 
pebbles in the Table Mountain conglomerate. 

The area of the Devonian glacial beds is uncertain. The actual 
outcrop from which bowlders have been obtained is 23 miles long, 
but the ends plunge under débris and are certainly continued north 
and south. Eastward the limb of the great Cederberg anticline 
dips under the Karroo beds, so that it is uncertain how far the glacial 
beds extend in this direction. We find bowlders of Table Mountain 
sandstone brought up from great depths in the agglomerates in the 
Sutherland volcanoes, right in the deepest part of the Karroo sinking, 
but we can naturally see nothing in them which would help us in 
tracing the glacial beds. On the east, where the Table Mountaia 
sandstone comes again to the surface in Pondoland, we have not 
been able to trace the shale band, nor have geologists recorded it in 
Natal. 

At some future date it will perhaps be established that there is a 
rhythmic recurrence of glacial conditions in subtropical and even 
tropical countries, and we shall be able to date the rock strata accord- 


ing to the positions of these tills. In Australia they have two—the 
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Permian or Carbo-Permian, and the so-called Cambrian one, which 
is, at any rate, older than the Ordovician, and possibly Algonkian,' 
We have three in South Africa, the oldest of which may be equiva- 
lent to the older of the two Australian ones. The great importance 
of our two older bowlder clays is that they are not mere chance 
moraines that have somehow become preserved, and which might 
have formed on lofty mountain ranges, as moraines now form under 
the Equator in South America, and therefore are no indication 
whatever of changes of climate or of the sun’s heat. Both our 
Table Mountain and Griquatown glacial beds occur interstratified 
with undoubted subaqueous deposits, and themselves show evidence 
of subaqueous origin. The prevalence of glaciers down to the 
water’s edge in South Africa is undoubted, and both the older, as 
well as the Permian, conglomerates clearly point to rigorous climatic 
conditions. 

Sir Andrew Ramsay’s evidence as to the European Paleozoic 
Ice Age,? and the character of the striations on the stones, is admitted, 
even by those who do not accept his explanation, to be strongly 
suggestive, and had Sir Andrew Ramsay stopped at this, his theory, 
perhaps, by now would have been accepted; but he attempted more. 
He believed that he could trace the origin of the pebbles and bowlders 
to the Silurian hills of north Wales, and he concluded that they 
had been transported by floating ice connected with glaciers which 
existed among those mountains in the Permian period. It was, 
however, easily demonstrated that the blocks need not have been 
transported from afar; the ridge of old Paleozoic and pre-Cambrian 
rocks which has been exposed in the Charnwood forest area may 
very well have been the parent source of the inclusions. The brec- 
cias, again, instead of becoming coarser nearer the source attributed 
to them by Sir Andrew Ramsay, as was required by his theory, 
were found to become so as they were followed to the east and south- 
east. As far as I can gather, the Paleozoic Ice Age theory in Europe 

t W. Howchin and J. W. E. David, Report of the Australian Association for the 
idvancement oj Science, Vol. 1X (1902), pp. 194-200. 

2“On the Occurrence of Angular, Sub-angular, Polished and Striated Frag- 
ments and Bowlders in the Permian Breccia of Shropshire, Worcestershire, etc., and 
on the Probable Existence of Glaciers and Icebergs in the Permian Epoch,” Quar- 


terly Journal of the Geological Society, 1885, p. 185. 
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has been discredited on the failure of a non-essential feature in the 
original exposition, and the whole question calls for re-examination. 
And not only the Permian breccias, but conglomerates and breccias 
of all ages, even in the zone of intense metamorphism, require to be 
minutely and critically studied; for, as our South African bowlder 


clays show, the striae and faceting characteristic of ice-action may 


be preserved in the most unexpected way. 











THE TEXTURE OF IGNEOUS ROCKS 
WHITMAN CROSS, J. P. IDDINGS, L. V. PIRSSON, H. S. WASHINGTON 


The vagueness that characterizes descriptions and conceptions 
of textures of igneous rocks is due in part to a lack of systematic 
treatment of the subject by petrographers, and a consequent inexact 
ness in the terminology by which definite conceptions may be expres 
sed. It is also due to the intricacies of the textures to be described 
and to their diversity. 

The first may be remedied by more systematic consideration of 
the fundamental factors that make up rock textures, and by the 
introduction of more definite descriptive terms. The second diffi 
culty can be met by more accurate and detailed descriptions of the 
complex fabrics, and by the recognition of the more frequently 
recurring ones as types for reference. 

In considering the fundamental factors constituting rock texture 
it is necessary to begin with the simpler, elemental factors, and also 
the simpler fabrics; afterwards taking up the more complex and 
intricate fabrics. This is not the order of the more common first, 
and subsequently the less frequent fabrics. On the contrary, many 
of the commonest fabrics are the most intricate and the most difficult 
to describe. This is probably a reason why the subject has never 
been satisfactorily developed. A systematic treatment must com 
mence with more or less abstract, general, principles, which eventually 
may be applied to concrete cases. It is hoped that the following 
discussion may advance this part of petrography. 

Fundamental jactors constituting texture in igneous rocks,— 
Defining texture as the material features of rocks exhibited by the 
mineral components and by the groundmass of dense or glassy 
rocks, whether they are viewed megascopically or microscopically, 
it has already been said' that these features fall into three categories: 

1. Crystallinity—the degree of crystallization. 

2. Granularity—the magnitude of the crystals. 

t This Journal, Vol. X (1902), p. 611 
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3. Fabric—the shape and arrangement of the crystalline and 





non-crystalline parts. 

It is proposed to consider further each of these factors in the 
general constitution of texture separately, in order to determine 
what characters in each need special recognition and specific des- 
scriptive terms. 

I. Crystallinity 

The degree of crystallization attained by an igneous rock is 
measured by the relative amounts of crystallized and glassy portions. 
All degrees of crystallinity are known to exist, from perfectly glassy 
rocks, through those consisting of glass with more or less crystals, 
to completely crystalline rocks. The size of the crystals is not 
involved in the crystallinity, but is a factor in the granularity. 

The idea of com plete crystallinity, as the condition most commonly 
observed, has a definite term in holocrystalline, while the general 
idea of partly crystalline is expressed by hypocrystalline. The 
general idea of glassiness is expressed by the terms vilreous and 
p hyaline; and partly glassy is expressed by hypohyaline. The term 
subvilreous is commonly employed in describing the luster of some 
minerals, but has not been applied to rock texture. Completely 
glassy is expressed by holohyaline. There is a term signifying that 
a rock is evidently crystalline to the unaided eye—phanerocrys 
talline—and one that signifies that its crystalline character can 
not be recognized by the unaided eye—aphanitic. 

It would be proper to use the term phanerohyaline for rocks whose 
glassiness is evident to the unaided eye; and the term phaneric should 
be applied to those rock textures that are apparent megascopically, 
whether crystalline or glassy; just as the term aphanitic is used for 
textures that cannot be discerned by the naked eye, whether crystal- 
line or glassy. But there are no terms to indicate any intermediate 
degrees of crystallinity. Such terms would permit more definite 
descriptions which become more and more necessary with the intro 
duction of quantitative standards. 

Definitely determined proportions between glassy and crystalline 
parts should be expressed in exact mathematical terms, but it may 
frequently happen that approximate proportions only are known 
or are considered sufficient for the purpose of the description. In 
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this case it is suggested that five degrees of comparison be adopted, 
corresponding to the five divisions used in magmatic classification. 
These would be, in addition to the absolute terms already in use: 


Holocrystalline, wholly crystalline. 
crystals _ 7 extremely crystalline with 
pere rystalline, } wd Y ay 
- glass I some glass. 
—_ crvstals 7 a . ° 
docrystalline, <4>=, dominantly crystalline. 
glass I” 3 ae 
Hy pocrystalline , - crystals 5 3 crystals and glass equal or 
- *, oe - hyalocrystaiiime, < p=, = 
or hypohyaline ¢ ¢ glass 2° & nearly so. 


crvstals _3_ 1 


dohyaline, dominantly glassy. 


glass a ‘ 


crystals _1 


perhyaline extremely glassy. 


glass 
H olohyaline, wholly glassy. 


II. Granularity 


The magnitude of crystals composing rocks is considered in 
two ways: first, as regards the absolute size; second, with respect 
to relative sizes of associated crystals. The second is a factor enter 
ing into the fabric of a rock. Granularity may properly be limited 
to the first character, that is, ‘he absolute size of the crystals oj a rock. 

When a rock is evenly or uniformly granular, or nearly so, the 
granularity the grain—of it may be considered to be the size of 
the average-sized crystals. But when a rock is porphyritic—that 
is, consists of a matrix, or groundmass, with phenocrysts—it is 
clear that there may be two or more expressions for the size of crystals; 
one relating to the components of the groundmass, another to the 
phenocrysts. For reasons which will be explained in the discussion 
of porphyritic textures, it is advisable in these cases to apply terms 
of granularity primarily to the groundmass. 

The size of crystals in rocks ranges through extremely wide 
limits—from dimensions that are submicroscopic, and are only rec 
ognized by the exhibition of aggregate polarization, to those that 
may be expressed in meters; a range of more than 1: 1,000,000, 
In the: great majority of rocks, however, the range is more nearly 
1:1,000, Up to the present time no effort has been made to describe 
the grain of rocks with anything like mathematical definiteness, 


even to stating an approximate average size of the crystals. The 
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terms in use express certain general ideas of magnitude based on 

the limits of vision, as follows: 

Phanerocrystalline—All_ sizes large enough to be seen with the 
unaided eye, that is, megascopically. 

Cryptocrystalline (aphanitic)—all sizes too small to be seen with 
the unaided eye. A phanitic is a purely negative term which 
does not state whether the rock is crystalline or glassy, and is 
very convenient when it is desirable to express simply the fact 
that the matter is not determinable megascopically. Cryptocrys- 
talline states that the rock is crystalline, and that the crystals 
are too small to be seen megascopically. 

Microcrystalline—all sizes recognizable only with a microscope, 
and therefore embracing most of those that are megascopically 
cryptocrystalline. 

Wicrocry plocrystalline—sizes too small to be seen with a microscope, 
but recognized as crystal particles by the exhibition of aggregate 
polarization, 

Wicroa phanitic—This term may very well be employed to cover those 
doubtful cases of microscopic and submicroscopic aggregation 
which have been sometimes described as microfelsitic, 

Phanerocrystalline rocks have been described as coarse, medium, 
or fine grained, with little effort to fix absolute values for these terms, 
Zirkel’s suggestion that they be compared with the size of peas and 
millet seed has led to the more definite suggestion, already made 
by us, that the average diameter of crystals in 

Fine-grained rocks be taken as less than 1 millimeter; in 
Medium-grained rocks, between 1 and 5 millimeters; and in 
Coarse-grained rocks, greater than 5 millimeters, 

Coarse-grained rocks are vaguely described as very coarse, or 
extremely coarse, without any indication of the actual degree of 
granularity, It would be more definite to express the approximate 
size of the grain of rocks in terms of the various units of the metric 
system, There are some extremely coarse rocks, such as pegmatites, 
whose crystals may be measured in meters; more whose crystals 
are several decimeters in diameter; many that may be measured 
in centimeters. Using a decimal series of units, it would be reason 
able to employ the following terms for approximate descriptions 
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of the grain of rocks, remembering that in finer-grained rocks the 
millimeter is oftener the unit of measurement, esptcially in micro- 





scopic work: 
Meter-grained rocks, when the average size of the crystals is over 
I meter, | 
Decimeter-grained rocks, when the size of the crystals is from 1 to 
10 decimeters. 
Centimeter-grained rocks, when the size is from 1 to 1o centimeters. 
Villimeter-grained rocks, when the size is from 1 to 10 millimeters. 
Millimeter-grained rocks would include medium-grained and 
slightly coarse-grained rocks. 
Decimillimeter-grained rocks; those in which the average size of 
the crystals is from o.1 to 1.0 millimeter. 
Vicron- (millimillimeter-) grained rocks; those in which it is from 
1 to 10 microns, from 0.oor to o.o10 millimeter. 
Decimicron- (decimillimillimeter-) grained rocks; those in which it 
is from 0.1 to 1.0 microns, 0.0001 to o.oco10 millimeter. 
The terms just described may be found useful in describing . 
rocks in a general manner, but each includes a wide range of varia 
tions in the size of grain, which in the extreme reaches a ratio of 
10:1 for the diameters of the crystals, which is a ratio of 1oo:1 for 
areas of crystal sections; differences which might be found in the 
crystals of porphyritic rocks. It follows that the grain of the rocks 
that may be described by any one of the terms mentioned—as, for 
example, millimeter-grained—is not always of the same order oj 
magnilude, since in one case it may be eight or nine times larger in 
diameter than in another, 


III. Fabric 


The arrangement of the crystalline parts of a rock, or of the crys- 
talline and glassy parts when glass is present, which we have called 
the jabric, depends on the relative sizes of the parts, on the shape of 
the crystals, and on the positions with respect to one another and to 
the glass base when present. The significance of these factors will 
appear upon further consideration. 

Relative size of crystals —While it never happens that all crystals 
in a rock are of one size, it often happens that they are approximately 
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of the same size, at least as far as the great majority of component 
crystals are concerned, Crystals that are approximately of the same 
size may be of the same order oj magnitude. It becomes necessary, 
then, to give this term a quantitative expression. Since identity 
of size is not assumed, the question rises: What latitude of variation 
in size is permissible in the petrographical use of the term—*‘ The 
same order of magnitude” or “like magnitude,”’ when applied to 
the crystals of a rock, or to sections of crystals in a rock section ? 
If the crystals are nearly equidimensional, as in the accompanying 
diagram, it would appear reasonable to consider those as having 


like magnitude whose diameters varied within the ratio of 3:2 (Fig. 1). 
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Those whose diameters vary as 2:1 or 3:1 are clearly of different 
magnitudes (Figs. 2 and 3). The areas of the sections of the limiting 
sized crystals in the three cases are as 9:4, 4:1, 9:1, respectively, 


and the actual volumes as 27:8, 8:1, 27:1. That is, the possible 


a ’ 


limits are as follows: 








Ratio of Diameters Ratio of Areas Ratio of Volumes 
First cas¢ ion sexes . Baca 2.25:1 3.373 
Second cas - ‘ 2.0:1 4.00:1 8.00:1 
Third case pee ecece ad cs 3.071 Q.00:1 27.00:1 


When the cross-sections of the crystals are not equidimensional, 
but have different shapes, it is evident that the basis of comparison 
is naturally the area of the cross-section: consequently such crystals 
may be said to have like magnitude when the areas of their cross- 
sections in a rock section or on the surface of the rock vary within 
the limits of 37:27; that is, 9:4, or 2.25:1. It is interesting to 
note in this connection that the range in orders of magnitude used 
by astronomers in the comparison of stars is 51 100 or 2.51. 
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Basing the comparison of the sizes of crystals on those of the 
great number of crystals that give character to the fabric of the 
rock, the following general distinctions may be recognized: 

I. Eguigranular rocks—composed chiefly of crystals of like orders 
of magnitude. 

Il. Jnequigranular rocks—composed of crystals of different orders 
of magnitude, 

I. EQUIGRANULAR ROCKS.—The fabric of equigranular rocks 

depends further on the 
\) Shapes of the crystals. 
(B) Arrangement or distribution of them, 

\) Shapes of crystals may be described in general terms with 
reference to the presence or absence of crystallographic faces as: 
Euhedral—completely bounded by crystal faces; automorphic, 

idiomorphic. 

Subhedral—partly bounded by crystal faces, hypautomorphic, 
hypidiomorphic. 
Anhedral—without crystal faces, xenomorphic, allotrimorphic. 
The crystals of equigranular rocks may be: 
Equijorm—all the same shape, or nearly so; or 
VW ultijorm—having various shapes. 

With reference to their dimensions the shapes may be described as: 

Equant—equidimensional or nearly so. 

Tabuvlar—in plates or tables. 

Prismoid—in prismatic forms. 

Irregular—not one of the three preceding divisions. 

More specifically crystals may be described further under each 
of the general shapes just named, as follows: 

Equant.—Cuboidal, polyhedral, spheroidal, equant anhedral, 
equant subhedral.—The simplest examples of equant, equijorm, 
equigranular, jabric are found in an evenly granular quartz vein, 
in some quartzites and crystalline limestones, and in certain anor 
thosites, dunites, and pyroxenites. 

Tabular—Tabular, platy, foliated. The crystals may be in 
plates, tables, disks, folia, scales.—The best examples of tabular, 
equijorm, equigranular jabric are found in certain feldspar rocks: 


syenite with so-called trachytic fabric, hedrumite, and certain anor 























TEXTURE OF IGNEOUS ROCKS 699 
thosites. It will be found in some micaceous metamorphic rocks 
with highly developed foliated texture. 

Prismoid.—Parallelopipedons, lath-shaped blades, prisms, spin 
dles, fibers.—Examples of prismoid, equijorm, equigranular, jabric are 
rare among igneous rocks. ‘The most familiar examples are certain 
metamorphic, actinolite rocks: strahlstein. 

The great majority of equigranular rocks are multijorm, since 
they consist of several kinds of minerals whose characteristic shapes 
are not alike. Quartz is almost always equant, micas are nearly always 
tabular, amphiboles frequently prismoid; whereas feldspars may be 
equant, tabular, or prismoid, and pyroxenes may be equant or pris- 
moid, The various combinations of these shapes produce fabrics 
which have no simple character and require specific description. 
They frequently recur and should be distinguished by simple terms 
for convenience. 

(B) Arrangement or distribution of crystals in equigranular 
rocks produces differences of fabric. 

1. Equant.—Where crystals are equant there can be no varia- 
bility in the arrangement which would affect the fabric, so far as 
form alone is concerned. But in case there are more than one kind 
of mineral present, especially if they are of different colors, the dis 
tribution of equant crystals of different kinds produces variations 
in fabric as regards color—varieties of color pattern. 

2. Tabular——The tabular crystals may be arranged in the follow 
ing ways: 

Parallel. 

Sub parallel. 

Diverse, in all directions (omniversal). 

Radial, divergent, fan-like, spherulitic, concentric, imbricated. 

3. Prismoid.—The prismoid crystals may lie in the following 
positions: 

Parallel, 
Sub parallel, 
Diverse, in all directions (omniversal). 
Radial, divergent, spherulitic, axiolitic. 
Tangential, around a nuclear crystal. 
4. Irregular—Crystals of irregular shapes forming equiform, 
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equigranular rocks may be related to one another in two ways. They 
may be in juxtaposition, or they may interpenetrate one another. 

a) Consertal.—Irregularly shaped crystals in juxtaposition yield 
cross-sections that are closely fitted together or conserted. The 
fabric may be called consertal. This fabric is well developed in 
some metamorphic rocks where adjacent crystals interdigitate with 
serrated outline. 

b) Graphic.—Mutually interpenetrating crystals produce irregu 
larly shaped forms, which in some cases yield straight-edged patterns 
as in graphic granite, where quartz and feldspar are intergrown, 

II. INEQUIGRANULAR ROCKS, composed of crystals of more than 
one size, possess different fabrics according to the manner in which 
the sizes of the crystals vary from one another. The sizes may 
vary gradually from one extreme to the other; or there may be 
marked contrasts in size among the crystals. For these two ideas we 
may use the terms: 

A) Seriate—where the sizes of the crystals vary gradually or in 
a continuous series. 

B) Hiatal—where the sizes are not in a continuous series, but 
in a broken series with hiatuses, or where two or more sizes are 
markedly different from one another. 

The most familiar variety of hiatal fabric is that porphyritic 
fabric in which there is a marked contrast between the sizes of the 
crystals forming the groundmass, and those of the phenocrysts. 
Another hiatal fabric which is the antithesis of the porphyritic is the 
poikilitic. In this there is also a marked contrast between the sizes 
of the crystals forming the matrix and of those scattered through 
it, but the crystals of the matrix are the larger. The small crystals 
scattered through the matrix may be called xenocrysis ( &€vos 
stranger). The large ones may be called ozkocrysts (otxos = house). 

Omitting for the present a discussion of seriale fabrics, which 
are intermediate, as it were, between equigranular fabrics and 
hiatal fabrics, let us consider the various expressions of hiatal fabric, 
commencing with the commoner kinds, the porphyritic. 

B) Hiatal jabric-——(1) Por phyritic jabric may be defined as one in 
which a groundmass of glass or crystals carries scattered through it 


crystals noticeably larger than those composing the groundmass. 
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In porphyries the phenocrysts may be of any size, microscopic or 
megascopic. Groundmass and phenocrysts are the essential parts 
of porphyritic fabric, variations in which produce different porphy- 
ritic fabrics. The kinds of variation are as follows: 
a) Relative amounts oj groundmass and phenocrysts. 

(b) Character oj the phenocrysts. 

Sizes, 

Sha pes. 

Arrangement, 

c) Character oj the groundmass. 

Texture: Crystallinity. 

Granularity. 
Fabric. 

A) The relative amounts oj phenocrysts and groundmass.—Differ- 
ences in the amounts of phenocrysts give a noticeable character to 
porphyritic rocks, which up to this time has found very little expres- 
sion in petrographic literature. At one extreme are porphyries with 
very few phenocrysts; at the other, those crowded with pheno- 
crysts and having very little groundmass. Employing the French 
word for groundmass, pédfe=“‘paste,” and semé=“‘sown” or 


“sprinkled,” comparisons are easily described by the terms: 


Perpatic, * -, extremely rich in groundmass. 
. ph I ‘ 
t 
g.n 7.5 P 
Do patic, ,  groundmass dominant. 
ph —— 
gm. 5. 3 ; 
Sem pati , groundmass and phenocrysts equal or nearly equal. 
»h a ; 
oon I 
J 5 -) - } , 
Dosemic ; phenocrysts dominant. 
ph. 5 67 : 
g.m , : 
Persemic, ; extremely rich in phenocrysts 
ph 7 


Having noted the relative amounts of groundmass and pheno- 
crysts, the relative sizes, shapes, and arrangement of the phenocrysts 
may be taken into account. 

(b) Character of phenocrysts.—Size. Phenocrysts may be large 
enough to be seen megascopically, or they may be so small as to be 
only visible microscopically; for these distinctions we have the 
terms: 

Megascopic phenocrysts, or megaphenocrysts. 
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Microscopic phenocrysts, or micro phenocrysts. 
[In the first case the rock may be said to be 

Megaphyric, having megascopic phenocrysts; 
and in the second case it may be called 

Microphyric, having microscopic phenocrysts 

Considering the megaphyric rocks, the phenocrysts may be large ( 

or small, of any size. Following the custom in describing the grain 
of equigranular rocks, we might establish three common distinctions : 
Vagnophyric—coarsely porphyritic, the phenocrysts greater than 


Mediophyric—moderately porphyritic, the phenocrysts between 


m 


5™™ and 1™™ in longest diameter. 
Mino phyric—minutely porphyritic, the phenocrysts from 1™™ to 
o.2™™ jin longest diameter 
In case corresponding distinctions in the size of microscopic 
phenocrysts are desirable—that is, in microphyric rocks—the same 
terms may be used with the change of the letter 0 to 7, and a corres 
ponding decrease in the value for the diameters 
Magniphyric—coarsely microphyric, the phenocrysts having longest 
diameters from 0.2 to 0.04™™., 
V edii phyric—moderately microphyric, phenocrysts having longest 
diameters from 0.04 to 0.008™™, 
Mini phyric—minutely microphyric, phenocrysts having longest diam 
eters less than 0.008™™ 
Such minute phenocrysts are microlites in a glass base 
There is further the distinction as to whether all the phenocrysts are: ‘ 
Of like magnitude, or 
Of different magnitudes 
Shape.—The shape or form of phenocrysts is an important 
factor in determining fabric. While the specific shape of a pheno- 
cryst may be a crystallographically complex form requiring some 
what elaborate description, there are certain terms which serve to 
describe the crystals without reference to crystallographic detail. 
Some of these are as follows: 
Equanit—with surfaces about equidistant from the center, sometimes 
cuboidal or spheroidal. 
Tabular—fiattened in one plane 
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Prismoid—clongated in one direction 
All of the phenocrysts may have the same kind of form—that is, 
they may be eguijorm; or they may possess several forms, they may 
be multijorm 
Specific shapes of phenocrysts, when sufficiently distinctive, may 
give rise to special terms, such as rhombenporphyry, in which the 
large feldspar phenocrysts have rhombic cross-sections. Another 
instance is spherophyre, in which phenocrysts are composite or 
simple aggregations of crystals in the form of spherulites 
Arrangement.—The arrangement or distribution of phenocrysts 
through the groundmass is another factor in the composition of 
fabric. Phenocrysts may be 
1. Scattered more or less uniformly through the groundmass 
Such a porphyry may be called a skedophyre, and the texture 
is skedophyric. This is the commonest case 
2. Grouped together in various ways, as in 
(a) Clusters—or irregular groups of phenocrysts; such a_por- 
phyry may be called a cumulophyre, and the texture cumulo- 
phyric. When the phenocrysts are equant, the texture is 
glomerophyric (glomeroporphyritic, Judd, 1886). 
(b) Layers or laminae—constituting a planophyre, or plano phyric 
texture 
(c) Lines or streaks—producing a lino phyre, or lino phyric texture. 
(c) Character oj the groundmass.—The groundmass of a porphyry 
may have any texture. It may exhibit any degree of crystallinity. 
It may possess any degree of granularity, from microscopic to mega- 
scopically coarse-grained, and may have any fabric 
Crystallinity.—All the terms denoting degrees of crystallinity or 
glassiness may be applied to the groundmass of porphyries. Certain 
general terms have been in use, one of which (granophyre) has been 
variously defined 
Vitrophyric—with groundmass megascopically glassy, or vitropatic. 
Vitriphyric—with groundmass microscopically glassy, or vitripatic. 
Felsophyric or aphanophyric—with ygroundmass megascopically 
aphanitic, or felsopatic. 
Felsiphyric or aphaniphyric—with groundmass_ microscopically 
aphanitic, or felsipatic. 
Granophyric (Vogelsang)—with groundmass holocrystalline granular. 
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It has been suggested that this term be used when the rock is 
granopatic phanerocrystalline, and 
Graniphyric, when the groundmass is microcrystalline, or granipatic. 

The texture called granophyre by Rosenbusch is called by us 
graphophyre or graphiphyre, according as the groundmass is mega 
graphic or micrographic 

Granularity.—The terms that may be applied to the grain of 
equigranular rocks are applicable to the groundmass of porphyritic 
rocks, and do not need to be repeated in this place. A distinction 
between megascopic and microscopic sizes may be effected by using 
the letters 0 and 7, respectively, when the textural term is used as a 
prefix, as in grano- and grani-. 

Fabric.—The fabric of the groundmass of a porphyry may be 
the same as that of a rock taken as a whole, so that any term applied 
to one may be used in describing the other. 

2. Poikilitic jabric is that kind of hiatal fabric in which the matrix 
consists of relatively large crystals, through which are scattered 
The rock may be called a_poikilite, in 


relatively small crystals 
The two factors in this fabric, inclosing 


contrast to a porphyry 
crystals or oikocrysts and inclosed crystals, xenocrysis, may vary (@) in 
relative proportions, and (6) in relative size; (c) the xenocrysts may 
vary in shape, and (d) in arrangement or distribution. 


All 


a) Relative proportions between oikocrysts and xenocrysts. 
possible proportions exist, from that in which the host constitutes 
the slightest interstitial cement between the xenocrysts, which in 
such a case may form the greater part of the rock, to that in which 
the xeno rysts occupy a very small space in the oikocrysts. To 
express the relative amount of outer and inner crystals in_poikiliti« 
fabric, the following terms may be used: 


t a 


, oikocryst cxtremely abundant 
xenocryst I 
olkocrvyst 7 5 
Domoiki oikocryst dominant 
x nT t 
ikocrvst 
( oikocrvst and xenocrvsts equal or nearly equa 
enocryst 
, 
. oikocrvst 2 I 
Doxeni« P xenocrvysts dominant. 
re noc { 5 7 
o1kocryst I 
Perxenic, xenocrvsts extremely abundant 
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b) The sizes of the xenocrysts as compared with the matrix 
crystal in which they occur may be described as relatively large, 
medium, and small or fine. The relative sizes are best expressed in 


terms of the average diameters of the inner crystals and host 


Fic. 4 FIG. § Fic. 6 FIG. 7 
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Relatively large xenocrysts—those whose average diameter is greater 


than one-eighth the average diameter of the host (Fig. 4.) 

Relatively medium-sized xenocrysts—having average diameters be 
tween one-eighth and one-twelfth that of the host. (Figs. 
. i 


Relatively small xenocrysts—having average diameters less than 
. one-twelfth that of the host. (Fig. 7.) 

Poikilitic jabric may be megascopic or microscopic, when its 
granularity may be described with reference to the size of the oiko- 
crysts in the terms applied to equigranular rocks as coarse, medium, 
or jine grained. 

c) The shapes of the xenocrysts lead to modifications of poikilitic 
fabric, as in porphy ritic fabric. The general shapes may be 
Equant 
Tabular. 

Prismatic 

All the xenocrysts may have similar shapes; they may be eguijorm. 
Or they may have different shapes; they may be mudltijorm. 

(d) The arrangement of the xenocrysts further modifies the fabric. 
They may be 
1) Scattered more or less uniformly through the oikocryst; or 
(2) Grouped together in various ways. 

Those xenocrysts that are tabular or prismatic may stand in all 
possible positions, or they may be parallel or nearly parallel to one 
another, swb- parallel, or their positions may be diverse. 


O phitic fabric is a particular case of poikilitic in which the xeno- 
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crysts are tabular or prismatic, are relatively large to medium as 
compared with the oikocryst. It is usually doxenic to xenoikic, but it 
may be domoikic, or also perxenic. It may be magascopic or micros 
copic. The term has been employed only when the xenocrysts are 
feldspar and the oikocrysts are pyroxene. 

Seriale jabrics.—These fabrics form the connecting links between 
equigranular and hiatal, between even-grained and distinctly por 
phyritic or poikilitic. According to the relative amounts or abund 
ance of the larger or smaller crystals, they approach one or other 
of these extremes of the series. Abundant large crystals with rela 
tively few of the smaller ones produce a fabric approaching equi 
granular, whereas relatively few large crystals with abundant smaller 
ones produce a form of porphyritic fabrics, not necessarily hiatal, 
but resembling hiatal porphyries 

The first fabric would consist of relatively large crystals nearly, 
or in fact, touching one another, with smaller and smaller crystals 
between, or to some extent included in, the larger ones, giving rise 
to the following fabrics: 

1) Seriate-intersertal—the rock might be called a seriate-inter 
sertal aphyrite; an aphyrite being a nonporphyritic rock. 
(2) Seriate-poikilitic—a seriate poikilite. 

The second kind of seriate fabric would be 
Seriate- por phyritic—the rock may be called a seriate porphyry. 

The multitude of variations in the relative sizes, shapes, and 
proportions of crystals constituting rocks with seriate fabrics makes 
it necessary to describe the fabric in detail in order to convey a correct 
impression of it. The study of a hundred granites from different 
localities will quickly convince one of the diversity of fabrics in rocks 
with so-called “‘granitic” texture. They might all be described as 
having multiform, seriate, aphyric fabric. But this would not 
convey a definite picture of any one rock. In order to accomplish 
this it is necessary to state the shapes of different kinds of crystals, 
their relative sizes, and proportionate amounts. 

With such a definite picture before one, if possible in the form of 
a diagram or photograph as well as in words, it is possible to compare 
with it the fabric of another rock, which may be described as like 
the first or as differing from it in certain particulars. If a certain 
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fabric is found to recur frequently, it may be given a specific name, 
which may possess more or less elasticity, according to the definiteness 
of the description to which it has been applied. 

It will be observed that the foregoing discussion is confined 
almost wholly to general features of textures, and that the terms 
suggested have a general application. They contribute to the general 
descriptive equipment of petrography. The specific description of 
a definite rock texture must of necessity be a complex expression, 
which, if needed frequently for other rocks, may be represented by a 
denotive term, derived from a geographical name, with the termina 
tion a/, as suggested in our essay on a Quantitative Classification of 
Igneous Rocks. ' 


This Journal, Vol. X (1902), p. 635. 




















NATURAL MOUNDS 
MARIUS R. CAMPBELL: 


Recently the subject of natural mounds has attracted unusual 
attention, and a number of persons have described their occurrence 
and attempted an explanation of their origin. 

What are here designated as natural mounds are low, broad 
mounds, varying from 1o to 140 feet in diameter, and from a few 
inches to 5 or 6 feet in height. They are wonderfully symmetrical, 








Fic. 1.—Group of natural mounds on old sea terrace back of San Diego, Cal. 


both in plan and in elevation, and generally they closely approach 
a circle in outline, but in places they are slightly elliptical, and where 
such is the case the major axes of all mounds in the vicinity have 
a common direction. 

Figure 1 is reproduced from a photograph of a group of slightly 
elliptical mounds occurring on the old sea terrace back of San Diego, 
Cal., at an altitude of about 380 feet. Frequently the mounds are 
closely bunched, as shown in the figure, but they occur also singly 
and in small groups. 

According to the descriptions of various writers, the composition 
of the mounds vary considerably, probably being affected by the 

‘ Published by permission of the Director of the U. S. Geological Survey. 
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character of the local material. As the writer has observed them in 
California and in Arkansas, they are made up of clay, or clay with a 
slight admixture of gravel, depending upon the character of the under 
lying subsoil; but in Texas and Louisiana, according to report, 
they are made up largely of sand, and in Missouri of chert fragments 
from the Carboniferous limestones, 

So far as the writer has observed or has been able to obtain refer- 
ences to them, mounds of a similar character occur in abundance 
in Louisiana, Texas, Arkansas, Missouri, Kansas, Indian Territory, 
Arizona, California, Oregon, Washington, Mexico, and Argentine 
Republic. Generally they are reported as occurring on low, flat 
lands; but Turner? has described and figured similar topographic 
features covering low hills on the east side of the San Joaquin valley 
in California, and recently Hill’ has noted their occurrence on the 
high plateau of Mexico, nearly 7,000 feet above sea-level. 

To account for the origin of these mounds various hypotheses 
have been advanced, but in most cases they are speculative only 
and have little or no foundation in fact, or they are based upon 
limited observations and fit only the conditions prevailing in one 
locality. 

It is altogether probable that the mounds which have been noted 
in various parts of the country are not exactly similar and have not 
had a common origin, but this cannot be proven until they have 
been more carefully studied, and studied by one person who can 
compare the mounds in different localities and judge whether or not 
they are all due to the same cause. 

The principal hypotheses may be summed up as follows: 

1. Human agency. 

2. Animal burrows, such as ground squirrels, gophers, and prairie 
dogs. 

3. Ant hills. 

4. Water erosion. 

t Since the above was written the writer has observed similar mounds on the 
broad flat valley bottom near Logan, Utah. 

2H. W. Turner, “Further Contributions to the Geology of the Sierra Nevada,” 
U. S. Geological Survey, Annual Report, Part 1, pp. 681-83, Plate 33 

3R. T. Hill, “On the Origin of the Small Mounds of the Lower Mississippi 
Valley and Texas,” Science, N. S., Vol. XXIII, No. 592 (May 4, 1906), pp. 704-6. 
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Chemical solution, 
6. Wind action. 


7. Physical or chemical segregation. 


ws 


8. Glacial action. 

Q. Uprooted trees, 

10. Spring and gas vents. 

11. Fish nests. 

From the widespread distribution of the mounds it is evident 
that, if they have a common mode of origin, this mode of origin must 
be such that it will fit a variety of climatic, geologic, and topographic 
conditions. On this basis it is easy to rule out as general causes 
a number of the above hypotheses without discussing them in detail. 
For instance, on the sea terrace back of San Diego, Cal., where 
the mounds are beautifully developed, or on the prairies south of 
Tacoma, Wash., the hypothesis which attributes their origin to 
fish nests might be applicable, for those localities have in recent 
geologic time been under water; but certainly it would not be appli 
cable to the mounds which occur in other parts of the country. The 
spring and gas-vent hypothesis might fit the conditions prevailing 
in Louisiana or Texas, but mounds are just as abundant in areas 
in which neither of these agencies has acted. It is evident, there 
fore, that this hypothesis cannot have a broad application, and 
consequently may be eliminated. The mounds resulting from 
uprooted trees have been cited as analogous to the mound in question, 
but such a hypothesis would never have been advocated by a person 
thoroughly familiar with the mounds in their best development. 
We should be obliged to presuppose the existence of giant sequoias 
over the low arid region of southern California and Arizona, and 
over the moist humid prairie of Texas and Louisiana. Manifestly 
this is absurd and may be disregarded, Glacial action might be 
appealed to in explanation of the mounds of Washington, but evi 
dently is not applicable to the great number of mounds found in 
southern California and the Mississippi valley. 

By this method of climination the number of hypotheses has been 
reduced to seven, but these seven have a far greater degree of proba 
bility, and hence will have to be considered in detail before they are 


discarded, 
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The hypothesis of physical or chemical segregation was proposed 
by Branner,' but absolutely no evidence was advanced in support 
of it. He says: 

One other theory has been in my own mind for several years, but it is almost 
entirely without observations to support it, and it is perhaps too vague to be 
clearly expressed. The idea is that in solutions of certain kinds, long exposed 
to weathering agencies, chemical reactions possibly take place around centers 
that result in the transfer of minerals in solution, and the precipitation in nuclei 
that are now represented by the position of the mounds, while the withdrawal 
of these minerals from the intervening areas causes the depression around the 
mounds. 

Purdue? found himself at a loss to account for similar mounds 
in the Arkansas valley, and took refuge behind Branner’s vague 
hypothesis, but he likewise failed to produce any direct evidence to 
substantiate it. Manifestly in the present stage of our knowledge 
this hypothesis has no support, and, until such evidence is presented, 
it need not be considered, 

The question of wind action is not so easily disposed of; doubtless 
many mounds have been produced by such action, and probably 
many others of an entirely different origin have been modified by 
the action of the wind. Nevertheless the great number of natural 
mounds are far too symmetrical in profile and in plan to have been 
formed by wind-blown material. Usually it is supposed that dunes 
may be recognized by their unsymmetrical shape, while the mounds 
are noted for their symmetry; consequently the only resort was to 
suppose that they are the result of wind acting in various directions. 
It is possible to conceive that fine, dry material may be heaped up 
by winds blowing first from one direction and then from another, 
producing a measure of symmetry; but when one considers the vast 
territory over which these mounds occur both in dry and in humid 
climates, it is evident that such special conditions could not have 
prevailed, and thus we are forced to drop this hypothesis. 

We are thus reduced to five hypotheses, but, since No, 2 and No. 3 
are essentially the same as far as the mode of origin is concerned, 

« J. C. Branner, “‘ Natural Mounds or ‘ Hogwallows,’’’ Science, N. S. Vol. XX1, 
No. 535 (March 31, 1905), pp. 514-16. 

2A. N. Purdue, “Concerning the Natural Mounds,”’ Science, N. S., Vol. XXI, 
No. 543 (May 26, 1906), pp. 823, 824. 
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we may say that the choice lies among four hypotheses: animal bur 
rows, erosion, solution, and human construction. These hypotheses 
involve two fundamentally different processes, construction and 
destruction, and it seems possible to determine definitely which of 
these processes has taken place. 

Many writers have argued that the mounds are the result of 
erosion, but in most cases they have realized that under normal 
conditions such forms could not have been produced, and hence they 
have been compelled to assume unusual conditions, but rarely have 
they stated clearly what were the unusual conditions. 

Practically all of the mounds observed by the writer are located 
on smooth surfaces, and generally on level plains. Where the 
mounds are close together they may touch and the slope of one 
merge into the slope of its neighbor, forming a concave surface; 


but where mounds are scattering 


g, the space between is always flat, 
being in reality a part of the surface of the plain. In arguing for 
erosion this fact has generally been neglected, or it has been assumed 
that the inter-mound surface is not a plain. Thus Barnes,’ in 
describing the mounds at San Diego, illustrated in Fig. 1, gives a 
profile showing the mounds separated by a concave surface. The 
mounds in this locality were examined very carefully by the writer, 
and in every case where they were not in actual contact the space 
between them is flat and not concave, as represented in Barnes’s 
profile. It therefore seems that much of the misapprehension 
regarding the origin of the mounds is due to imperfect observations 
and assumptions that are not warranted, 

When one considers the way in which surfaces are eroded, it is 
manifestly impossible to produce a flat surface unless that surface 
is at base-level, or the process of erosion is controlled by a barrier 
or by underlying hard rocks. If the surface was at base-level, and 
the plain a base-level plain, it would mean that the cycle of erosion 
was practically complete, and in that event the mounds would be 
reduced as well as other portions of the surface, unless in some 
abnormal way the mounds were protected from the action of erosion, 
In order to protect mounds with such symmetrical, spherical surfaces, 


G. W. Barnes, “The Hillocks or Mound-Formations of San Diego, California, ’’ 


American Naturalist, Vol. XIII (September, 1879), pp. 565-71. 
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one would have to suppose a circular segregation of hard material, 
which certainly would call for unusual conditions, It is true that 
analogous topographic forms have been produced by such conditions 
as shown by Gilbert and Gulliver’ as existing in the Tepee buttes 
of eastern Colorado. In that case the symmetrical form is due to 
the protective influence of a calcareous core, which is supposed to 
have been of fossil origin. In the case of the mounds, however, no 








Fic. 2.-Section of a mound 3 miles northwest of Dardanelle, Ark., showing 


that the material composing the mound is of different color and texture from the under- 


lying subsoil 


one has reported any protective material, except in a few cases where 
gravel has been noted in more abundance in the mounds than else- 
where. Gravel might answer as a protective cap, but such accumu- 
lations are not universal, for in hundreds of cases observed by the 
writer in Arkansas no gravel is to be found, either in the mounds or 
in the soil in the vicinity. 


1G. K. Gilbert and F. P. Gulliver, ‘“ Tepee Buttes, ’” Geological Society of Amer- 


ica, Bulletin, Vol. VI pp. 333-42, Plate 17. 
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Although the evidence given above seems to show conclusively 
that mounds are not the result of erosion nor of solution, the writer 
is able to produce more positive evidence that will appeal to every 
one, whether he is familiar with the processes of erosion or not. 

During the month of April, 1906, the writer had an opportunity 
to observe thousands of mounds in the valley of the Arkansas between 
Little Rock and Fort Smith. They are abundant everywhere on 
the lowland above the flood-plain of the river, and while many of 
these have been cut through in grading for railways and highways, 
it is difficult to find a fresh section in which the structure and compo 
sition of the mounds are well shown, At last a mound was found 
on the Paris road about 3 miles northwest of Dardanelle, Ark., 
which recently had been dissected by a small stream flowing by the 
roadside, and a fresh section was exposed, Figure 2 is a photograph 


of the mound as it appeared in the section. 





rrr yett 


TA 


Fic. 3 Diagrammatic section of mound shown in Fic. 2. A is yellowish-white 
clay. B is soil composed of the clay subsoil reworked with the addition of carbo- 
naceous material Mound same as soil. 


The plain upon which the mound appears is flat and composed 
of a deep subsoil of yellowish-white clay, formed by the decompo 
sition of Carboniferous shale. The clay is homogeneous and struc 
tureless, except that it shows a tendency to vertical cleavage in much 
the same way that such cleavage is shown in loess. At the surface 
and for a depth of from 6 to 12 inches the clay has been opened up 
and reworked by grass and tree roots, and a small amount of carbo- 
naceous matter has been incorporated in the clay, giving it a slightly 
darker color than it had originally. 

The mound which had been dissected was approximately circular 
before it had been cut away, with a diameter of about 60 feet and a 
height of 4 feet. The diagram in Fig. 3, which is drawn to scale, 
gives a good idea of the size and shape of the mound as it was seen 


in profile. The underlying clay subsoil is shown at A, the ordinary 
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soil at B, and the line separating them was visible as an approxi- 
mately straight line entirely across the mound. The material com- 
posing the mound is essentially like the soil on either side; that is, 
it is reworked clay, probably derived from the underlying subsoil. 

The above section shows clearly that the body of the mound is 
composed of material exactly like the surrounding soil, which is 
derived from the underlying clay; and consequently it is a fair 
inference to suppose that the mound material came from the same 
source; but, whether this be true or not, the arrangement of the 
materials proves conclusively that the mound was built, and is not 
a residual left by erosion or solution. Since in this case the evidence 
is positive that this mound is not the result of erosion, and also since, 
in the opinion of the writer, the general evidence against such a 
mode of origin, at least for the mounds of Arkansas and California, 
is conclusive, the two hypotheses of erosion and solution, as applied 
to the great multitude of mounds in the southern part of the United 
States, may be dropped. 

The case is now narrowed down to two modes of origin—namely, 
human construction and the action of burrowing animals, 

Although much has been written regarding the human origin of 
these mounds, the arguments against it are so strong that it may be 
classed with the other hypotheses which have been disregarded. 
It is doubtless true that similar mounds have been erected by pre- 
historic man, but it is absurd to suppose that the countless millions 
of mounds which exist in the regions noted above have been the 
result of human activity. 

This disposes of all the hypotheses, except that which ascribes 
their origin to the action of burrowing animals; but whether the 
mounds are due to ants or to small rodents, the writer is unable to 
say. Personally he inclines to the ant-hill hypothesis, but there is 
little or no evidence to determine which is correct. No burrows 
or chambers of any kind have been discovered in the mounds, and 
in the case observed by the writer no differences were observed in 
the character of the underlying clay, which would indicate the former 
presence of chambers, even though they are now filled. No excava- 
tions were noted in the neighborhood which could have supplied 
outside material for the mound, and consequently it is assumed 
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that this material must have come from a long distance under ground, 
and the minute channels through which it was transported have 
been closed by material falling in from above or carried in by water 
in suspension, 

The constructional feature of the mound is considered to have 
been proved in this particular case, but it still remains to account 
for the agent that performed the work. It is believed, however, 
that careful work in trenching some of the best preserved examples 
of these mounds would furnish some evidence to determine this part 
of the question, but such investigations have never been undertaken, 
at least not on an extensive scale. 
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The recent article by Professor Sardeson on “The Folding of 
Subjacent Strata by Glacial Action”' is of considerable interest, 
and doubtless he has a case in which he can demonstrate the origin 
of the movement; but in studies of this kind it should be borne in 
mind that folds of a similar character occur far beyond the limit of 
glaciation, and that before attributing surface folds in general to 
glacial action other possible causes should be considered, 

During a recent visit to the Carboniferous coal-field of Arkansas 
the writer had a good opportunity to examine a number of minor 
surface folds, which are very common in the great synclinal valleys 
adjacent to the Arkansas River. In most cases the folds were simply 
apparent in the disturbed sandy shales or thin-bedded sandstones 
in the roadway, and it was impossible to determine, without con 
siderable excavation, the depth and extent of the disturbance. 

In one case, however, an excellent example was obtained, which 
is illustrated in the accompanying cut. The occurrence is in the 
north part of Section 2, T. 7, N., R. 25 W., in the central northern 
portion of Logan County and about 50 miles east of Fort Smith. 

The locality in which the fold is exposed is a shallow quarry in 
which sandstone for the construction of the large Catholic college 
near Spielersville was obtained. The surface material, as shown 
by the figure, consists of sandstone, the beds of which range in thick- 
ness from 1 to 5 or 6 inches. Near the bottom of the section shown 
in the cut is a rather heavy bed with a thickness of a foot or 18 
inches. This is the main rock which is quarried, the surface material 
simply being stripped off for this purpose, 

As shown in the photograph, the lower beds, especially the thick 
layer just mentioned and all below it, pass under the fold without 
being disturbed, the rocks having a dip of about 3° to the south- 
west. Not only does the heavy bed shown at the bottom of the 

t Journal of Geology, Vol. X1V, No. 3, pp. 226-32. 
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photograph pass below the fold, but the overlying bed, having 





a thickness of about 4 inches, appears to be undisturbed also. Above 
this the strata, for a depth of from 3 to 4 feet, have been thrown 
into a distinct anticline with a height on its axis of at least 2 feet. 














Fic. 1.—Surface fold in thin-bedded sandstone near Spielersville, Ark. 


The linear extent of this small fold is unknown, as the country imme- 
diately adjacent is covered by a heavy mantle of turf which makes 
it difficult to trace such features. 

It is evident that glacial action has had no part in the formation 
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of this fold, since it lies entirely beyond the southern limit of any 
known ice-sheet. The movement, however, is just as pronounced 
as in the cases shown by Professor Sardeson, and it is evident that 
some competent force other than moving ice has acted in a direction 
parallel with the bedding in producing the disturbance. 

Since the underlying beds are not affected, it seems evident to 
the writer that the movement is not due to stresses which affect the 
crust of the earth to any great depth, for if such stresses are present, 
the heavy layer shown at the bottom of the photograph and the 
underlying beds would take the force of the strain, and the upper 
surface beds would be relieved. Moreover, the folds, so far as they 
have been observed, are surface features, and in this particular case 
occur near the outcrop of the beds affected. This entirely precludes 
the possibility of the movement being deep-seated, for in that event 
the rocks lying on the hillside above the fold, and between it and 
the point of outcrop, would probably have been moved bodily and 


no fold would have been produced. 





Professor Sardeson has shown that similar features have been 
produced in Minnesota by the heaving action of frost, but in Arkan 
sas the climate is so mild that freezing could not have played an 
important part in the formation of a fold. Moreover, the fold is 
not the result of vertical movement such as described by Professor 
Sardeson, but movement along the bedding planes of the rock. 

The only way in which freezing could have produced such a 
result as the fold in question is by the cumulative effect of water 
freezing in the joints of the rock. This would tend to produce 
stresses in the surface rocks alone, and these stresses would continue 
or accumulate until they were relieved by some break or fold in the 
surface beds. Thus freezing might account for the phenomenon. 
If freezing alone were the active force, we should, however, find 
the results of its action much more common in northern regions 
than in southern; but, so far as the writer is aware, this is not the 
case. Therefore we must conclude that freezing, while possibly a 
factor in the case, has not been the dominant one. 

The creep of surface rocks down the slope may be appealed to 
as a possible cause. It is true that in this region there is a close cor 


respondence between the attitude of the beds and surface topog 
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raphy. Lightly dipping sandstones are usually marked by sloping 
surfaces, and, in this particular case, the ridge has an altitude of 60 
or 80 feet above the surrounding plain. It hardly seems possible 
that in surface beds having a thickness of about 3 feet the superincum- 
bent load of material which lies on the hill-slope above the point 
where the fold was formed has been sufficient to overcome friction 
and cause the rock to creep down the slope. 

The only other explanation that seems at all plausible is that of 
expansion due to weathering. The process ordinarily called weather 
ing is doubtless complex, consisting of chemical and mechanical 
changes in the body of the rock itself, most of which result in 
increased volume, but probably the most important element is the 
opening of joints and cleavage fissures. In this field jointing is 
highly developed. In unweathered sections the joints are scarcely 
visible, showing simply as incipient cracks in the rocks, but when 
exposed at the surface the joints are very abundant and almost 
always open. 

The opening of joints is probably largely due to changes in tem 
perature which result in the expansion and contraction of the rock 
itself, as well as of any rock particles which may have fallen into 
the cracks; to the freezing of water in the joints, and to the expansive 
force of roots, Although the amount of opening on each joint is 
small, the aggregate of hundreds or thousands of joints would tend 
to set up stresses parallel to the bedding, and in course of time these 
stresses would reach the point of rupture of the beds involved, and 
a fault or fold would be produced. 

The phenomenon is most interesting to the students of structural 
geology, and it affords a measure of the amount of expansion these 
beds have undergone since the present surface was formed. 
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Dr, Katzer has shown remarkable ability in writing local geologi- 
cal treatises of a comprehensive nature. His largest and best work 
is The Geology oj Bohemia; and the smallest, The Geology of Bosnia, 
The present admirable memoir under review is the third one of his 
localsummaries. All are written in the German language. 

Much of Dr. Katzer’s knowledge of the geology of Brazil (more 
especially of Para) was obtained during the seven years he was state 
geologist and stationed in the Museu Paraense; yet it is quite evident 
that he is also familiar with the literature, in many languages, treating 
of the geology of South America. 

The present article chiefly calls attention to the general geological 
sequence in the lower Amazon region. Those desiring further 
information must consult the Grundsziige itself, 

The succeeding pages give, in the language of the reviewer, a con- 
densation of the chapter entitled, “The Geological Development of 
the Lower Amazon Region” (pp. 237-62). Following this statement, 
the present writer will take up the Paleozoic formations in more detail, 
especially those of the Devonic. 

PART IL. KATZER’S SUMMARY OF AMAZONIAN PALEO 

GEOGRAPHY 

Katzer states that the general observation, that the present rela 
tion of the Atlantic Ocean to Brazil was the same in the older geologi- 
cal epochs—i. e., that the old oceans spread upon the land from the 
east—is not supported by the facts, 

The distribution of the Archean shows that in the north and east 
occur the oldest rocks of the lower Amazon region. Upon these 
rest fresh-water deposits of Tertiary and Quaternary age. The 

‘This paper is largely based on Friederich Katzer’s Grundziige der Geologie des 
unteren Amazonasgebietes (des Staates Pard in Brasilien) (Leipzig, 1903; pp. 298, a 
geological map, numerous text-figures, and 16 plates of fossils; 8vo). The writings 


of Hartt, Rathbun, Derby, and Clarke have also been liberally drawn on. 
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northern and eastern portions of the state of Parad represent a very 
ancient continent, and probably formed the margin of the Paleozoic 
seas. This land extending across the broad and deeply eroded 
valley at the mouth of the Amazon, and uniting with the Archean 
mountains of the state of Cearé and east Brazil, apparently continued 
to exist in younger Tertiary time. The above hypothesis, therefore, 
cannot be true for pre-Neogenic time, because across the mouth of 
the present Amazon there then stood a highland uniting Guiana with 
the present highland of Ceard. 

This old land is folded. West of Para the folds strike southwest 
northeast; farther east, in the region of the Serra Tumuc-Humac, 
nearly east and west; and along the Atlantic, northwest-southeast. 
This bowlike trend of the basal mountains continues northward into 
the Orinoco lowland; in fact, into the Caribbean Sea, while to the 
southeast of the mouth of the Amazon they extend along the Atlantic 
coast into the state of Ceara. 

This folding took place before the metamorphic sedimentaries 
underlying the Siluric originated, the exact age of which is 
unknown. In their petrographic habit they closely resemble the 
Archean, but are separated from it by a discordance, while above 
they seem to grade without disturbance into Siluric strata. 

According to the present distribution of the Paleozoic deposits, the 
sea was open to the west, as the younger formations occur with great 
regularity farther and farther away from the Archean. The Carbonic 
apparently attains the Part, the Devonic probably continues to 
Maraca, and the Siluric possibly reaches the Araguari. 

The Siluric and Devonic fossiliferous deposits of the lower Amazon 
region are tolerably coarse-clastic in character, and undoubtedly 
were laid down in a shallow sea. The Devonic faunas are very similar 
to those of North America, and this is all the more remarkable when 
one considers the great distances by which they are separated. This 
leads to the conclusion that this old Paleozoic sea had free communi 
cation between North and South America, 

As no young Middle and Upper Devonic deposits are known in the 
Amazon region, it appears that beginning with that time great changes 
took place in the distribution of land and water. This seemingly 
connects, on the one hand, with the outbreaks of eruptive rocks 
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beginning in the lower Devonic, and, on the other, with the breaking 
down of the old Atlantic-Ethiopean continent. This hypothetic 
event, which separated the probable great continents of younger 
Paleozoic time—Atlantis and Gondwana of Suess'—gave rise to a 
sea transverse to the present Atlantic, and this apparently occurred 
at the beginning of the Upper Devonic. [This is the mediterranean 
named by Suess “‘Tethys.”] The shallow sea then retreated from 
northern and middle South America. 

It must therefore be concluded that toward the end of Devonic 
and the beginning of Carbonic time the greater part of South America 
was land, 

In the southeast there was apparently a continuous elevation of 
land; in the west (Chile), partial elevation; and in the northern 
region—i. e., Bolivia, Peru, and Brazil—there was a widespread 
sinking which led to another transgression of the sea. 

In these countries of South America the marine Carbonic is that 
of the Upper Carbonic. It is worthy of note that this sea occupied 
about the same area as that of the Devonic. The transgression begins 
with sandy deposits with traces of plants, as Lepidodendron and 
Calamites, but there are no beds of coal. 

All undoubted marine deposits of the Carbonic of South America 
appear to be closely interrelated, but the fossil evidence outside of the 
Amazon region is scanty and in the main depends upon brachiopods, 
Upper Carbonic fossils are known from the east base of the Cordillera 
Oriental, Peru; Lake Titicaca at Yarbichambi and Yampopata; 
Arque in the province La Pag, vicinity of Cochabamba, and Santa 
Cruz, Bolivia; Choapa valley, at La Ligua, Chile; in Brazil, other 
than the Amazon region, in southern Matto-Grosso and the adjoining 
regions of Parané and Sao Paulo, Katzer regards this distribution 
as indicating that toward the end of Carbonic time there were flat 
and swampy islands and peninsulas separated by comparatively deep 
marine bays and straits. This peculiar distribution made it possible 
for the South American sea to have communication in all directions, 
but the author wisely adds that the great similarity of these faunas 
with those of Europe and Asia may be due to a loose identification 
of the species. 

t Antlits der Erde, Vol. I, p. 516; Vol. II, p. 317. 
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The Amazon faunas are regarded by Katzer as Upper Carbonic, 
with partial extension into the Permic. For the other regions (Chile, 
Peru, Bolivia) nothing more can be said than that they are Upper 
Carbonic. It should be mentioned that the latter are far more 
closely related to those of North America, as Arkansas, Missouri, 
Kansas, Nebraska, and Nevada, than are these North American 
regions to those of the Amazon. 

Reviewing the Carbonic and Permic of Asia, Katzer thinks it 
certain that the Amazon Carbonic is to be correlated with the Schwa- 
gerina or Ufa stage of the Ural, especially the limestone of the Sim 
region, in part with the uppermost Carbonic of central Russia, and 
in part, also, with the Artinsk stage 

While the Amazon region and adjoining lands and nearly all of 
western South America were covered by the Carbonic sea, the eastern 
margin and the entire southeastern portion of South America remained 
land. The Carbonic deposits of the latter regions are of terrestrial 
origin, and in Santa Catharina, Rio Grande do Sul, Uruguay, and 
Argentina the coal-bearing deposits are well known; but in Paranda, 
Bahia, Piauhy, and apparently also in Maranhao there are plant 
bearing Neo-Carbonic beds without known coal-beds. All these 
deposits, according to Zeiller, belong to about one epoch, namely, 
Lower Permic or transitional to Permic. The flora is a mixed one 
and embraces an older Permic flora of the Northern Hemisphere, 
with elements of the Glossopteris flora of the Southern Hemisphere. 
This flora lends support to the acceptance of a great Brazil-India 
South African and Australian continent, known as Gondwana Land, 
on the northwestern coast of which lay the Amazon sea. At the same 
time, the eastern Amazon continent was possibly a portion of that 
bridge over which the southern Brazil floras connected with the 
European boreal Carbonic 

At the close of Neo-Carbonic time, the sea of the Lower Amazon 
retreated, and thereafter the interior of this extended land, as far as 
observations will permit of judging, was not again subjected to marine 
deposits. 

Of marine Triassic and Jurassic there is not a trace in the Amazon 
region, and the same is true of marine Cretacic in the interior of the 
land. Along the Atlantic coast one only meets with a narrow fringe 
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of young Cretacic marine sediments, and the same condition prevails 
in the southern states of Brazil, as Parahyba, Pernambuco, Alagéas, 
and Sergipe. A great marine Cenomanian Cretacic transgression, 
as given in several geological works, is not true of the interior of 
Brazil nor of the Amazon valley. This development is as follows: 

With the beginning of the Mesozoic, to the old Guiana-east- 
Amazonian land, there was added the young Paleozoic deposits, and 
the resulting Guiana-Brazilian continent formed the eastern shore of 
the Triassic sea whose deposits are found in the Andes. The southern 
Pacific continent of this time remained as it was during older Paleozoic 
time. At the close of the Jurassic the sea extended and spread 
toward the east 

The first indications of the Atlantic and its transgression upon the 
land of northern South America took place in Upper Jurassic time. 

The Guiana-Brazilian continent, which extends southward across 
the Amazon region, was maintained, although decreased in size along 
the east, and dissolved into islands toward the southeast. Similarly, 
there still existed the old land connections between South Africa and 
southern South America on the one side, and on the other with Aus- 
tralia and New Zealand 

Between these two continents the inclosed sea of about Middle 
Cretacic time began to enlarge and covered portions of the state of 
Sergipe, where Cretacic deposits rich in ammonites discordantly rest 
upon the Paleozoic. Dr. Charles A. White referred these beds to 
the Upper Cretacic; F. Kossmat, to the Cenomanian; Douville, to 
the Upper Albian (Gault). In all probability they belong to the 
transition zone between the Lower and Upper Chalk, and indicate 
a restricted Cenomanian marine extension over this part of Brazil. 

Incomparably larger, however, was the transgression of the young 
est Chalk (Senonian, in part Danian), which also touched the lower 
Amazon region. This transgression was from the south, attaining 
first Sergipe, later Pernambuco, and finally also Paré. The main 
part of the Sergipe Chalk belongs at the base of the Upper Cretacic, 
but some faunal elements indicate the presence of higher zones 
(Turonian, even Senonian). In Pernambuco the Senonian prevails, 
and in Para, only Senonian, with some transition to the Eocenic. 
During the continuance of the east-Brazilian Cretacic trans 
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gression there existed on the north side of the Guiana-Amazonian 
land an old ocean strait extending over the Antilles, Venezuela, and 
Columbia, to Peru. These are the Hippurite and Actionella deposits 
of Jamaica, the Gault and Lower Senonian of Venezuela, the Chalk 
of Columbia, and the Upper Albian and Senonian of Peru. 

During the Tertiary the lower Amazon region remained land—.. e., 
in the sense that it was not covered by the sea. The land waters con- 
tinued to flow into the Pacific until Miocenic time, before the elevation 
of the Cordilleras. In Middle Miocenic, the drainage was reversed, 
lakes were formed, and finally a great lake covered the entire low 
land between the Guiana-east-Amazon land on the east and the con- 
tinually rising Cordilleras in the west, extended from Naute to Madeira 
and from middle Part to the Rio Negro. 

As a result of the continued elevation of the Cordilleras, the con- 
nection between the Atlantic and the Pacific ceased in young Mio- 
cenic time, and South America was then united with North America. 
At this time Mastodon came from the north, as M. humboldti and M. 
andium are found in the young Miocenic deposits of the middle 
Amazon (Part) region. 

“A retrospect over the present short presentation brings out most 
clearly that the entire younger geological history of the lower Amazon 
region, beginning with about the Permian, took place upon the land. 
From this it follows that the local floras and faunas must have been 
continuous and that they were spared great disturbances. This, in 
fact, is shown by certain details, as the very ancient forms of fishes, 
as Lepidosiren, have been enabled to continue to the present. This 
hypothesis, however, will become clearer when the organic remains 
of the Tertiary deposits are better known. Their gathering and study 
are now the most important task of geological investigation on the 
sunny shores of the majestic great river: Amazon.”’ 

PART If. SILURIC SYSTEM 

The Siluric strata, Derby (6:167) states, 
appear on the Guiana side in a belt of a few miles in width, which extends in the 
direction east-west for a considerable distance, if not along the whole southern 
margin of the metamorphic region to Guiana. They have been recognized on 
the Trombetas, Curué, and Maecurt, and . . . . I judge that they extend east 
ward nearly to the Atlantic. I estimate the total thickness of the series at about 


1,000 feet 
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In the valley of the Trombetas this series rests unconformably 
upon felsite or eurite (6:145). It 
consists almost exclusively of hard argillaceous and micacevus [variously colored, 
white, yellow, red, and purple] sandstones, generally thin bedded, but with some 
massive beds of pure sandstone. . . . . One set of beds of cherty schist, about 
feet thick, is found at the base of the series, in contact with syenite. . . . . Just 


above the cherty rocks there is a bed of fine-grained, yellowish sandstone contain 


ing a few fossils (6: 168 


These fossils, according to Clarke (5), are of the following species, 
restricted to Brazil: Lingulops derbyi, Orbiculoidea hartti, Pholidops 
lrombetana, Orthis callactis amazonica, Dalmanella freitana, D. 
smithi, Chonetes cf. novascoticus, Anabia paraia, Anodontopsis putilla, 
A. austrina, Tellinomya pulchella, T. subrecta, Clidophorus brazil 
ianus, Bucaniella trilobata viromundo, Tentaculites trombetensis, 
Conularia amazonica, Primitia minuta, Bollia lata brasiliensis. 

In higher beds occurs Arthrophycus alleghaniensis. 

Clarke (5) regards this fauna as transitional between Ordovicic 
and Siluric or Middle Siluric, but quite different from that of the 
island of Anticosti. Derby (6:168) states that it indicates “a close 
correspondence with the Medina sandstone.” Katzer refers it to 
the lower portion of the Siluric 

The correlations of these authors are harmonious, but the question 
is raised: What is meant by transitional between Ordovicic and Sil 
uric? In other words, is the Brazilian Siluric fauna comparable 
with the Medina of the Appalachian region or with the Middle Siluric 
of Anticosti? Nothing definite can be said in regard to Anticosti 
Divisions 1 and 2, as these faunas need to be restudied in the light 
of modern knowledge. In regard to the Medina no new reading 
could be given, were it not for considerable evidence gathered by 
Ulrich in the Mississippi valley from Iowa south into Arkansas, 
and as yet unpublished. Underlying unmistakable Clinton faunas 
of the Interior type (Dayton, Ohio) he has found a zone usually 
quite thin and intimately connected with the highest Ordovicic or 
the uppermost Richmond member of the Cincinnatian division. In 
this zone, near Edgewood, Mo., Ulrich has collected a Stromatoporoid 
of Siluric character, Zaphrentis n. sp., Favosites near as per, Cala poecia 


, 


canadensis, Tentaculites incurvus, Dalmanella of the meeki or jugosa 
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type, Leptaena rhomboidalis, Schuchertella missouriensis (earliest ap- 
pearance of this genus), Rhynchotrema n. sp. (near inaequivalvis. No 
R. capax occurs in this fauna, the diagnostic species of the Richmond 
formation), R. near dentata, Triplecia n. sp. (a form externally with 
the characters of Airypa rugosa or A. marginalis), Clorinda (all other 
forms of this genus are Siluric), A‘rypa near marginalis (a decided 
Siluric reminder), Zygospira putilla, Cypricardinia near arrata 
(earliest occurrence of this genus), Conradella near dyeri, Encrinurus 
of Siluric character, Calymene near niagarensis, and Homalonotus. 
In other places at about this same horizon have been found Halysites, 
Lingulops, Pholidops, Orthis near callactis and Rhynchotreta near 
cuneala. ‘This fauna therefore immediately suggests the Brazilian 
Siluric and links it unmistakably also with the Richmond below, 
but less so with the Clinton above. More recently Ulrich has re-exam 
ined the Medina deposits of the Appalachian region, more especially 
in Pennsylvania, Virginia, and Tennessee, and has concluded that 
they are the eastern shore deposits equivalent to the Richmond series 
of the Ohio and Mississippi valleys. ‘This result therefore forces 
stratigraphers to place the line separating the Siluric from the Ordo 
vicic, not at the base of the Medina formation of the New York 
standard section, but at its uppermost limit and beneath the Clinton. 
Arthrophycus harlani, which should be written A. alleghaniensis 
(Harlan), and Daedalus archimedes' are therefore not the guide fossils 
to indicate the base of the American Siluric, but mark the marginal 
littoral facies of the sea toward the close of the Ordovicic. This refer 
ence of Arthrophycus to the Ordovicic is in harmony with its similar 
occurrence in Portugal. It will eventually be shown by Ulrich that 
the Medina is Ordovicic in age, and when his work appears it will 
be seen that the Brazilian fauna fits in well with the Mississippi 
valley highest Richmond, and that the lost time interval between the 
Ordovicic and Siluric is not long. This reference of these formations 
to the Ordovicic is also in harmony with the sequence in Russia along 
the shore of the Baltic Sea. Here the Lyckholm and Borkholm beds 
have many Siluric corals and brachiopods, but the European stratig- 
raphers always regard these formations as belonging to the Ordo- 
Sarle, “Arthrophycus and Daedalus of Burrow Origin,” Proceedings of the 


Rochester Academy of Sciences, Vol. IV (1906), pp. 204-10 
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vicic. Then follow faunas comparable with those of the American 


Clinton and the higher Niagaran formations. 
DEVONIC SYSTEM 


The Devonic of the state of Para consists of marine littoral deposits. 
All the fossil localities are to the north of the Amazon 

The most complete development of the Devonic is that of the 
valley of the Rio Maecurt. Here, according to Katzer (p. 191), the 
sequence is the following (zones 2 and 3 are referred by the present 
writer to the Ereré formation of Derby, and 4, 5, and 6 to the Mae 
curd of Derby): 

Upper Carbonic 

Unconformity 

1. Black, in part thin-layered shales, with lenticular beds of sand- 
stone and very large concretions of highly bituminous blue-black 
limestone. ‘Toward the top the beds are rich in pyrite. Thickness 
not determined, but considerable. The only known fossils are 
Spirophyton and Nuculites ererensis. Curud formation of Derby. 

2. Aseries of reddish, micaceous, sandy shales or shaly sandstones 
Thickness not given. The only fossils are Spirijer pedroanus, Cama- 
rotoechia dotis, and Tentaculites eldredgianus. 

3. Dark-gray or blackish, rough-layered sandstone, without 
fossils Thickness, 10” 

4. Hornstone. Thickness, 1o™ 

5. Sandstone full of fossils. It is from this horizon that most of 
the fossils of the Rio Maecurti are derived. (See faunal list.) Thick 
ness not given, but on the Rio Curua, about 10™ thick. 

6. Thin-layered sandstones interspersed with shales. Thickness 
not given, but probably about 10™ to 15™. 

Siluric sandstones 

West of the Rio Maecurti (about 25 miles), on the Rio Curud, the 
entire thickness of the Devonic is about 50™, and the system seems 
to rest comformably upon the Siluric. The development in both 
plac es Is analogous 

To the east of the Rio Maecurti (about 75 miles) there is another 
good exposure of the Devonic in the bays of the Campo of Ereré. 


The exposures indicate a thickness of about 75™. In many places 
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this Devonic is traversed by dikes of diabase. Here the sequence is 
the following (zones (1?) 2 and 3 are referred by the present writer 
to the Ereré formation, and 4 is the top of the Maecurt): 

Upper Carboni 

1. Black shales, in part sandy and micaceous. Locally fossilifer- 
ous. Thickness estimated at from 15™ to 20™, but increases to the 
north. ‘Toward the top these beds are interbedded with, and finally 
covered by, masses of “schalstein,” attaining a thickness up to 40™. 

2. Thin-bedded to shaly sandstone, with hematite particles colored 
rose to brown-red. Single thin zones are very rich in fossils. (See 
faunal list.) Some interspersed beds are gray; others, white. Thick- 
ness, probably not less than 25' 

3. Alternating dark-gray to black sandstones and black bitumi- 
nous and coaly shales. Toward the top occur rarely Orbiculoidea 
lodensis, var., and small Lingula. Thickness, about 20™. 

4 Black, tough, thin-bedded hornstones, with interbedded seams 
of sandy or clayey beds. These weather to light gray, also red and 
banded. Traces of fossils. Thickness, about 10" This zone is 
correlated by Katzer with zone 4 of the Rio Maecuri section. 

Balance concealed 

The above sections indicate that the Devonic of north Brazil is not 
less than 100™ thick (about 325 feet), 75™ of which occur above the 
base of the hornstone zone and 25™ beneath the same formation. 
This hornstone bed is provisionally suggested as the one distinguish- 
ing between the Lower Devonic and the Middle Devonic. This is 
done, because, on the one hand, it is the only place where a sharp 
lithic difference exists in the section; and, on the other, on account 
of the two distinct faunas occurring one beneath and the other above 
the hornstone zone. Whether a time break exists here cannot be 
determined from the published record, but the faunas indicate that the 
one from the Rio Maecurt and Rio Curud, found beneath the horn- 
stone, is to be correlated with the Oriskany, while that above the 
same zone, or the fauna of Ereré, is indicative of lower Middle Devonic. 

Before proceeding to a general discussion regarding the inter- 
relation of the Devonic faunas of South and North America, it will 
be best first to note the peculiarities of the Amazon faunas. A 


complete list of these faunas is given at the end of this paper. 
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Notes on the jauna oj the Maecuri jormation (=Oriskany).— 
Clarke (5:80) states that the trilobites 
indicate very strong early Devonian (Hercynian) traits. In fact, no other element 
of the fauna bears so strongly the impress of the earliest Devonian. ... . It 
must therefore be conceded that the very early Devonian expression of the trilo 
bitic element of the Maecurt fauna affects the time value of the entire faunal 


assoc jation. 


Of the gastropods, the laterally compressed species of Platyceras, 
as P. whitii, P. hussaki, and P. steinmanni, are related to P. com 
pressum Nettelroth, of the Louisville Onondaga. P. hariti is the 
type found in the Helderbergian and Oriskanian. The bellero 
phontids are of the type found in the German “ Spiriferen-Sandstein ” 
(=Lower Devonic). Bucania jreitasi is of the Bellerophon leda type 
of the Hamilton, and Plomatis jorbesi has its nearest ally in P. patulus 
of the Onondaga and Hamilton. 

Of the pelecypods, Actinopleria eschwegii is closely related to 
A. boydi of the Hamilton of New York and the Onondaga of Louis 
ville. Modiomorpha helmreicheni and M. sellowi are representative 
of forms in the Schoharie grit and the Onondaga. Taechomya rathbuni 
and 7. jreitasi have affinities with Onondaga and “ Spiriferen-Sand 
stein’ species. Cimitaria karsteni is another form of the latter type. 

Of brachiopods, Productella maecuruensis is related to P. shumar 
diana of the Louisville Onondaga. Chonetes jreitasi is closely related 
to C. macrostriata Walcott, of the Lower Devonic of the Eureka 
District. C. jerseyensis Weller is another species of this type. Ano 
plia nucleata is a North American Upper and Lower Oriskanian 
and basal Onondaga species. Clarke (5:87) states that its existence 
in the Maecurdé and Curua faunas is of much significance. Rhipido 
mella musculosa is another characteristic North American Oriskanian 
form, Of alate Spirijer of the Oriskanian S. cumberlandiae-intermedia 
type there are three species (S. buarquianus, the guide fossil of the 
Maecurti formation, S. coelhoanus, and S. derbyi, S. lauro-sodreanus 
is of the S. macropleura type, and a similar undescribed form occurs 
in the Frog Mountain, Alabama, Oriskanian. Anoplotheca flabellites 
is one of the most characteristic Oriskanian brachiopods. In North 
America Amphigenia elongata is an Onondaga species, but in the 


Oriskanian of Illinois and Tennessee occurs the small variety A. 
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curta. Tvropidoleptus carinatus is known in a single example from the 
Oriskanian of Maryland; it is also abundant in the Lower Devonic 
of Germany, and, as Williams has shown that this shell is also known 
in the Chemung, it therefore has lost its diagnostic value as a marker 
of the Hamilton formation. Vitulina pustulosa is thus far in eastern 
North America a good Hamilton marker, but in South America it is 
always found in faunas that have an older aspect. 

This Maecurié fauna has ninety-two species, and of these the 
following six Oriskanian forms are known in it: (1) Rhipidomedlla 
musculosa, (2) Leptostrophia per plana, (3) Anoplia nucleata, (4) Am 
phigenia elongata curta, (5) Anoplotheca flabellites, and (6) Tropido- 
lepius carinatus. Certainly numbers 1, 3, and 5 are diagnostic of the 
Oriskanian, and are usually regarded as guide fossils. Combining 
these occurrences with the other facts mentioned above, it seems to 
the writer that there cannot be any doubt that the Maecurt fauna 
holds the horizon of the North American Oriskanian. If further 
proof of this is required, the reader is referred to Katzer’s Plates a 
XI, XII, and XV. On the other hand, the view of Clarke (who has 
studied nearly the entire fauna by the specimens), while not exactly 
that of the writer, is still not widely different (hardly one formation 
apart). He states (5:91, 92) the following: 

The opinion expressed by Derby [6: 169] and Rathbun that the Maecura and 
Ereré groups bear about the same stratigraphical and paleontological relation 
to each other as the Upper Helderberg group to the Hamilton, is supported by all 
evidence now accessible. 

It is indeed probable that the Maecurt group embraces elements of faunas 
that elsewhere precede those of the Upper Helderberg (Schoharie grit, Cornif- 
erous limestone), a fact indicated by the earlier expression of the trilobitic ele- 
ment and by the presence of certain molluscan species (Platyceras hartti, Anoplia 
nucleata) of the same import. 

Notes on the jauna of the Ereré jormation.—Hartt (2:213) in 
describing the Ereré locality states: 

This fauna has an unmistakable Devonian facies, but it is difficult to deter- 
mine its exact equivalency. In some features, as for instance in Spirijer pedroana, 
which closely resembles S. varicosa, the fauna recalls that of the Corniferous, 
while in the occurrence of 7ropidoleptus and Vitulina it approaches the Hamilton. 

Rathbun (3: 260) in his first studies of the Ereré brachiopods con 


( ludes: 
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Che Brachiopod fauna, such as it is, resembles so closely that of the Hamilton 
group of New York state as to leave no doubt that the beds in which it was found, 
the sandstones and shales of Ereré, represent about the same horizon as the Ham- 
ilton group of North America 
This view is repeated four years later (4:35) 

Clarke (5:90), regarding this fauna, states: 

Che middle Devonian composition of this fauna as determined originally 
from a study of the brachiopods is decided. It may well be regarded, in this 
respect alone, a miniature of the Hamilton fauna. The two trilobites omalono 
tus Oiara and Cryphaeus Paituna, Hartt and Rathbun, all that are here known, 
fortify this resemblance presented by the Pelecypoda and there is no lack of har 
mony on the part of the Gasteropoda and Pteropoda. . . . . It is, with all its 
resemblance to the Hamilton, a more typical and better defined middle Devonian 
fauna than that 

The present writer does not now see wherein the Ereré fauna is 
‘a miniature of the Hamilton fauna,’’? and while he would refer it 
to a horizon about that of the Onondaga (Corniferous), he holds that 
it has no close faunistic relationship with it. It will therefore be 
well to examine more carefully into this conclusion of most students, 
that the Ereré horizon is that or about that of the Hamilton, to learn 
on what it is based 

The Ereré fauna consists of 45 species, 35 of which are restricted 
to the formation. Of the 45 species, 41 are found in the sandstones 
and 4 are restricted to the black shales beneath the sandstone. The 
10 species also found in the Maecurt formation are Dalmanella 


tIn a former pape! | merican Geologist, Septem be r, 1903, Pp. 152) the writer 


stated that “the southern portion of the Indiana basin also was open during Onon- 


daga, Hamilton and Genesee time, establishing communication between the Mis- 
sissippian sea and Brazil. Evidence of this is seen . . . . in the very similar faunas 
of the Hamilton of the Mississippian sea and that of the Ereré formation of the State 
f Parad.’ When this was written, too much reliance for correlation was given the 
Erere pecit Tropidoleptus carinatus, Vitulina pustulosa, Orbiculoidea lodensis, 


ind Lingula spatulata. On the other hand, at that time Rhipidomella musculosa 





oplotheca flabellites were not known in the Maecurt, nor Tropidoleptus cari- 
natus in the Marvland Oriskanian 

Che writer still holds to the above statement that “the southern portion of the 
Indiana basin also was open during Onondaga, Hamilton and Genesee time,” but 
with this correction, that the Mississippian sea did not have open faunal communi- 
cation with Brazil; nor did either area have connection with Tethys at this time, 


because the Mississippian and Brazilian seas did not receive the Calceola nor the 


Stringocephalus fauna so characteristic of this mediterranean. 





— | 
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nettoana (Clarke thinks that the small Ereré specimens should be 
separated from the larger Maecurt form), Vitulina pustulosa, Schu- 
chertella agassizi, Chonetes comstocki, C. herbert-smithi, Camaro- 
toechia dolis??, Spirijer pedroanus, Trigeria (?) wardiana, T. ( ?) 
jamesiana, and Tentaculiles eldredgianus. None of these perduring 
species appear to have significant stratigraphic value, either for 
Middle or Lower Devonic correlation. 

Concerning the species restricted to the sandstone horizon, the 
following notes will help to a clearer understanding: Lingula spatulata 
is certainly not this New York Upper Devonic species. Orbiculoidea 
lodensis may be the New York Genesee form. However, any student 
of brachiopods knows how variable the species of those genera are, 
and that no safe identification can be made in similar forms so widely 
separated as those of the state of Pard, Brazil, and Kentucky. This 
is because in Lingula and Orbiculoidea there are so few characters 
present for comparison; further, when the shells are preserved in 
shales, they are invariably flattened. On the other hand, Orbiculoi- 
dea lodensis occurs beneath the Ereré fauna and not above it. 
Tro pidole ptus carinatus in North America is now known in the Oris- 
kanian, Hamilton, and Chemung, and is no longer diagnostic for the 
Middle Devonic of this continent. Vitulina pustulosa, it is true, is 
known only in the Hamilton of North America, but in South America 
it certainly occurs in older formations. Choneles onettianus is related 
to C. scitula of the Hamilton and Chemung. Clarke suggests that 
Spirijer pedroanus may include two species similar to S. mucronatus 
and S. audaculus, two characteristic Middle Devonic forms. This 
species, however, as figured by Katzer, recalls the Lower Devonic 
S. cumberlandiae. Modiomorpha pimentana seems to be related to 
M. concentrica of the Hamilton. Nuculites ererensis suggests N. 
oblongata of the Hamilton. Leda diversa Hall and Pholadella paral- 
lela Hall are Hamilton species. The other forms not noted here do 
not teach anything specifically from the standpoint of the Hamilton 
or of the Middle Devonic 

In the Ereré fauna there are therefore four Hamilton species— 
Tro pidoleptus carinatus, Vitulina pustulosa, Leda diversa, and Phola- 
della parallela. The first is no longer regarded as diagnostic for 
limited correlation within the Mississippian sea, and the second, 
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outside of this area. The last two species, it is true, are Hamilton 
forms, but it would be claiming too much for them to state that their 
presence in the Ereré formation correlates it with the Hamilton. 
Knowledge of pelecypods is as yet too fragmentary for safe 
stratigraphic correlation. The genera present in the Ereré are almost 
without exception those of the Maecuri. The exceptions are: (1) 
Gonio phora, (2) Leda, (3) Pholadella, (4) Edmondia, (5) Tro pidocyclus, 
6) Pleurotomaria, and (7) Cryphaeus. Numbers 1, 6, and 7 are 
known in the Lower Devonic or in still older formations. Num- 
bers 2 and 4 have no restricted stratigraphic range. One is there 
fore limited to Leda diversa, Pholadella parallela, and the genus 
Tro pidocyclus 

Viewing this proposition from another standpoint, it is seen that 
all the characteristic Hamilton corals, brachiopods, gastropods, and 
cephalopods are absent in the Ereré This is also true for the 
Onondaga 

As the Amazon Devonic deposits are of a littoral nature and the 
combined known sections about 400 feet in thickness, one should not 
expect them to represent a long duration of time. At least 100 feet 
are of Lower Devonic age, comparable with the North American 
Oriskanian. The remainder appears to be about that of the Onon- 
daga in age, but from the preceding remarks it seems clear that the two 
widely separated areas had at this time little, if any, free interchange 
of faunas. On the other hand, it is clear that there was considerable 
faunal intercommunication between the seas of Maecurt and the 
Oriskanian of the southern states of North America 

The presence of two Genesee brachiopods in the Ereré formation 
Orbiculoidea lodensis variety and Lingula spatula?—led Clarke 
(5:91) to state that “we may regard these beds in the Ereré group 
[black shales] as embodying the equivalent of this Genesee shale 
fauna.’’ The zone in which the former and three species of Lingula 
are found is, according to Katzer, the next one below the Ereré sand 
stone, and it cannot therefore be referred to the horizon of the Genesee 
without placing there also the entire Erere fauna. The experience 
of the writer is that Lingula, Orbiculoidea, and other related 
inarticulate brachiopods have little stratigraphic value for correlation 


in widely separated areas. 
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Conclusion.—The present knowledge of the Amazon Devonic 
stratigraphy and faunas indicates that the Maecurt formation is near 
the top of the Lower Devonic, and is comparable with the North 
American Oriskanian, not only in its facies, but also in its having six 
of the guide fossils of the class Brachiopoda of the latter formation. 
These facts indicate, further, that the two areas (Brazil and the 
Oriskanian of the southern United States) were at this time in com 
munication. The northward extension of the Amazon Maecurt 
fauna is known sparingly about Frog Mountain, Alabama, for here 
occurs Spirijer arenosus, *S. murchisoni, and Amphigenia. This 
fauna is better represented in the region of Armuchee, near Rome, 
Georgia, as here are found *Rhipidomella musculosa, Stropheodonta 
magnifica, Anoplotheca dichotoma, *Spirijer tribulis, Ambocoelia 
umbonata, and Meristella rostellaia n. sp. The best of the southern 
localities are in the Camden formation of Tennessee and southwestern 
Illinois. ‘The more important forms found at the last-named locali 
ties are Lingulopholis terminalis, Chonostrophia reversa, *Anoplia 
nucleata, Metaplasia pyxidata, *S pirijer tribulis, *Anoplotheca flabel 
lites, Eatonia peculiaris,*Am phigenia curta, and Megalanteris condoni. 

The southern Oriskanian sea appears not to have connected 
openly, but rather sparingly northward, either across western or 
eastern Tennessee, with another basin of the same age whose deposits 
are found in the Appalachian (Cumberland sea)—Gaspé region. 
The northern basin is characterized by Edriocrinus, Hipparionyx 
proximus, Spirijer arenosus, and Rensselaeria, none of which are in 
the southern facies of the Oriskanian—the Camden-Armuchee-Frog 
Mountain-Maecurt faunas. On the other hand, this southern Oris- 
kanian has S pirijer of the S. macropleura type, Amphigenia, Tro pido 
le ptus (one species has been found in Maryland), Vitulina, Productella, 
many pelecypods strongly reminding one of the American Middle 
Devonic faunas, and S/yliolina, that either do not occur in the north- 
ern Oriskanian or make their appearance with the pronounced south 
ern invasion of Onondaga time. In other words, the Oriskanian of 
the United States is not only an outgrowth of the Helderbergian fauna, 
but also has received many migrants from the southwest Brazilian- 
Pacific region and from the North Atlantic (Gaspé) along a path not 


*Either the same or a very closely related species also occurs in Brazil. 
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yet clearly made out, but seemingly more probably down the St. 
Lawrence-Connecticut depression than by way of the St. Lawrence 
Champlain troughs 

The Ereré fauna is a direct outgrowth of the Maecurt and proba 
bly follows it without a time break. It seems to hold the horizon 
of the American Onondaga, hardly that of the Hamilton, and cer 
tainly there is nothing in it that indicates the Genesee fauna. The 
connection existing between Brazil and the lower Mississippi embay 
ment during the Maecurtii was destroyed during Ereré time, as all 
of the guide fossils of the Onondaga and Hamilton fail of representa 


tion in the Amazon formations 


CURUA FORMATION OF DERBY 


Above the Ereré formation occurs a series of “black [lower 300 
feet] and red shales, passing at times into a shaly sandstone” (Derby 
6:170). Their thickness is estimated to be about 600 feet. This 
formation occurs on the rivers Maecurti, Curué, Trombetas, and 
Tapajos, and near Ereré 

“In both the black and red shale, near the junction of the two,” 
Derby (16:171) found Spirophyton typum Hall and the sporangia 
Protosalvania braziliensis and P. bilobata. The relation of these 
beds to the Devonic and Carbonic is not yet established, according 
to Katzer, and he refers them provisionally to the Carbonic, as 
did Hartt. Derby and Clarke, however, place them in the higher 
Devonic. Clarke also reports the presence of the Ereré species 
N uculites ererensis 

Katzer states that Spirophyion is found with Productus cora and 
P. sublaevis in the Carbonic limestones of Dompierre. In the Flysch 
of Europe this fucoid or “hieroglyph” (=a burrow probably of a 
polychaete worm) is widely distributed. As the occurrence of Spiro 
phyton has no satisfactory time value, Katzer refers these black and 


red shales with concretions to the Carbonic 
GENERAL DISCUSSION 


The older Devonic deposits of the Amazon region are also known 
in the Brazilian states Matto Grosso and Parana; also in Bolivia, 


Peru, Argentina, and apparently also in Paraguay and the Falkland 
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Islands. Everywhere the petrographic character of these deposits 
is similar and points to littoral conditions. Katzer states that this 
distribution forces the conclusion that in the north and east, in the 
region of Guiana-Cegra, there was a bordering Archean continent, 
to the south of which lay the sea in which the Amazon sandy deposits 
were laid down. The land was actually but the western end of the 
Allantic-Ethiopian continent. A second continent in the southwest 
extended from southern Chili and Patagonia westward over a portion 
of the present Pacific Ocean and probably beyond southern Georgia. 
This Katzer has named the Southern Pacific Continent. 

The Brazilian Devonic sea, the author continues, is connected on 
the one side with that of New York (it would be better to say North 
America), and on the other with South Africa (Cape Colony), because 
the faunas of these two areas are to a great extent harmonious.’ 
Less decided, but still surprisingly great, when one takes into con- 
sideration the long distances, is the harmony between this older or 
Lower Devonic fauna and those of Australia, Asia, and Europe. 

The Lower Coblenzian faunas of Rhenish Germany remind one 
forcibly of American Oriskanian. To bring out this fact more 
clearly in this place, but a short account of the Siegen fauna can be 
given, the following being the more important forms: Craniella, 
Orbiculoidea anomala (like American O. ampla), Schizophoria provul- 
varia, S. personata (like S. oriskania soon to be published), Leptostro- 
phia explanata (like large Oriskany species). Stropheodonta sedgwicki 
(type of S. demissa now known in Maryland Oriskanian), Schu- 
chertella gigas (often reported as a Hipparionyx), Eatonia, Rhyn- 
chonella papilio (type of Plethorhyncha barrandei), Rennselaeria ( ?) 


t The lower Devonic fauna of South Africa has recently been described by Reed 
innals of the South Ajrican Museum, Vol. IV, Pts. III and IV, 1903-4). These 
Bokkeveld beds are faunally very closely related to the Amazonian, and especially 
to the Falkland Islands faunas. Common to two or more of these areas may be men- 


tioned the following: Orbiculoidea baini, Schuchertella sulivani, Chonetes falklandicus, 


Spirijer orbignyi, S. lauro-sodreanus, Ambocoelia umbonata, Leptocoelia flabellites, 
Vitulina pustulosa, Tropidoleptus carinatus. Nearly all the gastropods and pelecy- 


pods of the Bokkeveld beds are compared by Reed with Amazon species. There 
are at least fifteen such forms. ‘‘The presence of a true Cryphaeus and of spiny 
forms of Homalonotus indicates that the beds may be referred with certainty to the 
Devonian, and it is probable that they belong to the lower division of that formation” 


(Reed, Vol. IV, p. 2 
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crassicosta (these shells look more like Plethorhyncha speciosa) 
Trigeria (?) oehlerti (Leplocoelia with excessive fold and sinus), 
Tropidolepius carinatus rhenanus, Megalanteris, Spirijer primaevus 
(type of S. murchisoni). The following remind one strongly of the 
Maecurti facies: Actinodesma, Cy pricardella, Le ptodomus, Gonio phora, 
Grammysia (large forms), Modiomorpha (large forms), Sphenotus, 
Pteronites, Limoptera, Cry phaeus, and Homalonotus. 

For a modern work on this fauna, see Dreverman, Palaeonto 
graphica, Vol. L (1904), pp. 329-87, 5 plates. Even a glance at 
these plates will lead American workers to see an earlier development 
of their Hamilton fauna. European stratigraphers invariably regard 
the Siegan as Lower Devonic 

Compared with North America, the Amazon Devonic, according 
to Katzer, proves to be a mixture of Oriskanian, some Helderbergian 
and more especially New York Hamilton. Formerly Katzer regarded 
all the Devonic of the Amazon as Middle Devonic. He now con- 
siders that the Hamilton cannot be considered as uppermost Middle 
Devonic, but that part of it must be referred to the Lower Devonic 
a view in which he will have few, if any, followers. This conclusion 
is largely based on the early occurrence in South America (Maecurt) 
of Vitulina pustulosa, Tropidoleptus carinatus, large Grammysia, 
Leioptera, Actinoptera of the boydi type, and the high or Hamilton 
occurrence of these types in North America 

Katzer’s difficulties would have vanished if he had correlated the 
Maecurt and Curua deposits with the Oriskany of the Lower Devonic. 
That this correlation is a more accurate one is borne out by the fauna, 
as has been shown by the present writer 

It has also been shown that the Ereré fauna has not the facies of 
the Onondaga nor of the Hamilton. This dissimilarity is partially 
explained by the Amazon coarse littoral deposits, an unnatural 
habitat for an extensive coral fauna as that of the American Middle 
Devonic. However, the Ereré fauna is wholly a direct outgrowth of 
that of the Maecurt, while the Onondaga (Corniferous) is a develop 
ment out of the Oriskanian of the type of the northern province plus 
an eastern North Atlantic invasion (the Spirijer cultrijugatus fauna 
of the Rhine at the base of the Middle Devonic), and another from 
the south through the Mississippi embayment bringing in some of the 
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prolific coral faunas so abundantly developed about Louisville, 
Kentucky. 

The reason why the Lower Devonic faunas of northern Europe, 
North America, and South America have so much that closely binds 
them together is because the oceans of these areas were in communi- 
cation. This is strikingly shown in the great pelecypod development 
of the Coblenzian of the Rhine region—genera upon genera almost 
unknown in the Oriskanian making their first appearance in some 
force in the Onondaga, and being in full development in the Hamilton. 
The Coblenzian pelecypod development in Europe is very largely 
wiped out or changed by the great Euro-Asiatic invasian coming in 
just above the Spirijer cultrijugatus fauna, which is known as the 
Calceola fauna holding the horizon of the Onondaga in this country. 
This fauna continues without very great change into the Stringo 
cephalus fauna holding the horizon of the Hamilton. While this great 
invasion of Middle Devonic Euro-Asiatic faunas was proceeding 
normally in Europe, the North American Middle Devonic had but 
little connection with that region, and the fauna of a lower Devonic 
facies was continued to the end of Hamilton time, when another great 
physical change occurred, and northern Europe and America were 


once more in communication 


CARBONIC 


The marine Carbonic of the Lower Amazonas is divisible into two 
divisions—a lower consisting essentially of sandstone, and an upper 
of limestone. Of each division about 10™ thickness is known. ‘The 
limestone is locally very rich in well-preserved, often silicious fossils, 
and these indicate that it is of Permo-Carbonic age. The sandstone 
is devoid of fossils and of coal-beds, and, further, as the stratigraphic 
relation to the limestone is nowhere clearly shown, its actual age 
remains undetermined. The best exposures are those of the Tapajos. 
Beneath the sandstone is a series of shales and shaly sandstone—the 
Curud group of Derby, and referred by him and Clarke to the Devonic 
(see statement under Devonic), but provisionally referred by Katzer 
to the Carbonic. 

During the time of limestone deposition there were effusions of 
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diabase and porphyry, giving rise to hornstones and dark limestones 
with the fossils transformed into silicious pseudomorphs. 

Much of this fauna remains unworked. Some of the leading 
fossils are: Lophophyllum near prolijerum, Lonsdaleia rudis, Rhipi 
domella penniana, Orthotichia morganiana, Schuchertella tapajo- 
tensis, Streptorhynchus hallianus, Orthotetes correana, Chonetes glaber, 
Strophalosia cornelliana, Productus semireticulatus, P. lineatus, P. 
cora and seven other species, S pirijer cameratus, S. condor, S. rocky- 
montanus, Spirijerina transversa, S. spinosa, Reticularia per plexa, 
Ambocoelia planoconvexa, Hustedia mormoni, Seminula argentea, 
Cleiothyris royssii, Aviculo pecten occidentalis, A. herzeri, Lima retijera, 
Pinna peracuta, Myalina kansasensis, Allorisma subcuneata, Platy- 
ceras nebrascensis, Pleurotomaria speciosa, Euphemus carbonarius, 
Bellerophon crassus. (For a complete list, see Katzer, pp. 162-67.) 

Another well-known area for Carbonic is that of the Trombetas. 
The observed thickness is a little over 6" The fauna here is a 
smaller one (seventeen species) than that of the Tapajos (115 species), 
but the species are the same in both areas. 

Katzer regards the Tapajos faunas as highest Upper Carbonic, 
and not of Lower Permic age as did Waagen. Derby (6:173) states: 

The fauna shows the closest relationship to that of the Coal Measures of the 
Western States, more than half of the species being identical. I have already shown 
that the Bolivian and Peruvian Carboniferous faunas, as far as they are known, are 
equivalent to the Brazilian, and to that of the North American Coal Measures. 

To the north of the Amazon River the Carbonic is known along the 
river Curud and in the region north of Alemquer (Katzer). It con 
sists here of sandstones and gray sandy-calcareous shales with a 
thickness estimated at 200". The fauna obtained here Derby regards 
as of the same age as that of the Tapajos 

Of all the Palaeozoic deposits of the Amazonas, those of the Carboniferous 


occupy the most extensive area and, at the same time, present the greatest diffi 
culties to study. Composed for the most part of soft beds, they suffered extensive 
cenudation, during the interval between the close of the Carboniferous and the 
beginning of the Tertiary, during which time they were, for the most part, exposed 
above the level of the sea , Mr Smith, who has best studied these deposits, 
is of the opinion that their total thickness is not less than 2,0c0 feet, and, although 


i for the calculation is very defective, I cannot say that it is exaygerated 








GEOLOGY OF THE LOWER AMAZON REGION 


TABLE OF DEVONIC FAUNAS 











se | 33 
a ee 
BS Bus 
CORALS 
Pleurodictyum amazonicum Katzer ( 
BRYOZOA 
Rhombopora ambigua Katzer ( 
Reptaria stolonifera Rolle x 
Chaetetes carvalhoanus Katzer x 
BRACHIOPODA 
Lingula spatulata (not L. spatulata Hall) 
wa ererensis Rathbun 
rodriguesii Rathbun (from zone 3 at base of 
Ereré). ar erey ae aed 
stauntoniana Rathbun (from zone 3 at base of 
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gracana Rathbun (from zone 3 at base of Ereré) 
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Tropidoleptus carinatus (Conrad) 

m , maecuruensis Katzer ( 
Vitulina pustulosa Hall a 
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Chonetes comstockii Hartt ( 

onettianus Rathbun (related to C. scitula 
herbert-smithi Hartt x 
freitasii Rathbun i 
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a cf. sappho (Hall x 
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Spirifer lauro-sodrianus Hartt (related to S. macropleura 
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valenteanus Hartt (not figured; a poor species) 
Cyrtina ( ?) curupira Rathbun 
maecuruensis (Rathbun) 
Anoplotheca flabellites (Conrad) 
lerebratula rathbuni Clarke 
" derbyana Hartt 
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Actinopteria eschwegii Clarke (related to A. boyd?) 
" humboldti Clarke 
Leiopteria browni Clarke 
ng nsi Clarke 
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Modiomorpha pimentana Hartt & Rathbun....... , 
Nucula bellistriata parvula Clarke (a Hamilton form) 
? kayseri Clarke ioe benees 
Nuculites ererensis Hartt & Rathbun (also in higher 
Curud) 
m tj Tra Clarke 
branneri Clarke 
smithi Clarke 
Palaeoneilo sulcata Hartt & Rathbun 
: pondiana (Hartt & Rathbun) 
?) simplex Hartt & Rathbun. 
“ orbignyi Clarke eke ata 
Leda diversa Hall (a New York Hamilton species) 
Guerangeria (Nyassa ?) ortoni Clarke 
Goniophora woodwardi Clarke 
Toechomia rathbuni Clarke 
- freitasi Clarke 
Sphenotus gorceixi Clarke 
bodenbenderi Clarke 
Cimitaria karsteni Clarke 
Cypricardella -hartti Clarke 
Ks (?) pohli Clarke. 
Pholadella parallela Hall (a New York Hamilton species) 
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lundi Clarke 


garde neri Clarke 


Edmondia sylvana Hartt & Rathbun 


Bellerophon stelzneri Clarke 

. morganianus Hartt & Rathbun 
Bucaniella coutinhoana (Hartt & Rathbun) 
ny eissi Clarke 
Bucania freitasi Clarke 
Plectonotus derbyi Clarke 

” ilteri Clarke 


Ptomiatis forbesi Clarke 


Platvceras whitei Clarke 
curua Clarke 
hussaki Clarke 
steinmanni Clarke 
Platyceras hartti Clarke (related to P. ventricosus 
7 symmetricum Hall ? 
vecuruensis Clarke 
meerwarthi Katzer 
tschernyschewi Katzer 
coutoanus Ka 
gracilis Katze 
subconicum Katzer 
Diaphorostor irmanianum (Hartt & Rathbun) 
” darwini Clark« 
?) agassizi Clarke 
Strophostylus varians Hal 
Tropidocyclus gilletianus (Hartt & Rathbun 
Pleurotomaria rochana Hartt & Rathbun 


PTEROPODA 








Tentaculites eldredgianus Hartt & Rathbun 


stiibeli Clarke 
tenellus Katzer 


| 


osservi Clarke 


Stvliolina clavulus (Barrande); according to Katzer 


TRILOBITES 
Homalonotu 'rimerus) derbvi Clarke 
_ ?) acanthurus Clarke 
Dipleura) oiara Hartt & Rathbun 


Phacops brasiliensis Clarke 


menurus Clarke 
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rRILOBITES—Continued 
Phacops scirpeus Clarke I 
im ( ?) pullinus Clarke ‘ 
goeldii Katzer.... r 
: ) macropyge Clarke ‘ 
Dalmanites (Odontocheile) maecurua Clarke ( 
= ms australis Clarke r 
(Acaste) galea Clarke ‘ 
(Hausmanni) infractus Clarke r 
“ tumilobus Clarke ( 
gemellus Clarke r 
ulrichi Katzer r 
Cryphaeus paituna (Hartt & Rathbun). ‘ 
Species in each horizon g2 3 22 15 
Restricted spec ies 71 ° 5 25 
Common to Maecuré and Curud 16 | 
Common to Ereré and either of the others 7 10 
Common to Ereré and Maecurt 10 
Common to Ereré and Curud 5 
Entire Devonic fauna 131 
LITERATURE CITED | 


1. CLarKE, Joun M. “As Trilobitas do grez de Freré e Maecurd estado do Pard, 
Brazil.”” Archivos do \fus. Nac. Rio de Janeiro, Vol. TX (1890), pp. 1-58. 

2. Hartt, Cx. Frep. “Contributions to the Geology and Physical Geography 
of the Lower Amazonas.” Bull. Buffalo Soc. Nat. Sci., Vol. I (1874), pp, 
201-35. 

3. Ratapun, RicHarp. “On the Devonian Brachiopoda of Ereré, Province of 
Para, Brazil.” Bull. Buffalo Soc. Nat. Sct., Vol. I (1874), pp. 236-61, 
Pls. 8-10 

4. Ratrupun, Ricnarp. “The Devonian Brachiopoda of the Province of Paré, 
Brazil.” Proc. Boston Soc. Nat. Hist., Vol. XX (1878), pp. 14-39. 

5. CLarke, Jonn M. “The Paleozoic Faunas of Pard, Brazil. (1) The Silur- 
ian Fauna of the Rio Trombetas. (2) The Devonian Mollusca of the 
State of Paré.”” Archivos do Mus. Nac. Rio de Janeiro, Vol. X (1899; 
author’s English edition, 1900), pp. 1-127, Pls. 1-8. 

6. Dersy, Orvitte A. “A Contribution to the Geology of the Lower Ama- 
zonas.” Proc. American Phil. Soc., Vol. XVIII (1879), pp. 155-738. 


























THE RELATION OF RADIOACTIVITY TO VULCANISM 
GEORGE DAVIS LOUDERBACK 


University of California 


Within the last year or two those working in the rapidly growing 
science of radioactivity and sub-atomic systems have discovered a 
number of properties and relations that bear strongly on earth pro- 
cesses and theories, and that are of daily increasing interest to the 
geologist, many of whose problems are being made to assume a new 
light. Very recently (April, 1906) Major Dutton" presented a paper 
to the National Academy of Sciences in which the results of the in- 
vestigators of radioactivity have been brought into relation with 
geological phenomena to construct a definite explanation of volcanic 
action. 

In discussing the competency of radioactivity to produce the local 
high-temperature effects which are essential to volcanic action, it is 
desirable to consider first the relationship of radioactivity to the 
general thermal condition of the earth’s interior. Since Major 
Dutton’s paper was prepared, R. J. Strutt? has published an account 
of some tests made on various igneous rocks from different parts 
of the world, with the result that the earlier conclusions as to the 
relation of earth heat to radioactivity are made much more secure 
and definite. In general it may be said that all the igneous rocks 
examined (they were selected to represent different parts of the earth 
and different rock types) show distinct radioactivity, the most active 
being the more acid granites and syenites; the least active, basalts 
and various ultrabasic rocks. Division into more active and less 
active specimens does not correspond absolutely to rock types, but 
very generally so. The range in content is calculated at from 1.84 
10~"? to 25.5 X 10~*? grams of radium per cubic centimeier of rock, or 

t See Popular Science Monthly, June 1906, pp. 542-50; also Journal of Geology, Vol. 
XIV, pp. 259-68 (June, 1906). 


2 R. J. Strutt, “On the Distribution of Radium in the Earth’s Crust, and on the 
Earth’s Internal Heat,” Proceedings oj the Royal Society, Ser. A, Vol. LX XVII (1906), 


PP. 472-85. 
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0.613 X 10>" to 9.50 107"? grams of radium per gram of rock. All 
samples showing above 3.37107"? grams of radium per gram of 
rock are granites or syenites; the basalts and peridotites are all below 
1.80 X 107 *? 

Strutt shows that if the interior of the earth be considered at thermal 
equilibrium, and if the whole amount of heat is due only to radium 
part must be due to uranium and other active elements), and ‘always 
supposing that the heat production of radium is not materially dimin 
ished, under conditions prevailing inside the earth;” if, further, the 
radium be considered evenly distributed throughout the earth mass, it 
5X 1073 grams per cubic centimeter. Ruther 


cannot much exceed 1 7! 
ford,’ using somewhat different values for temperature gradient, etc., 
calculates the equivalent in radium bromide as 2.6 X 10~'3 grams per 
cubic centimeter or 1.52X10~' grams radium. But the weakest 
rock examined (Disco Island basalt) gives tests over ten times this 
amount, and the granites 240 or 250 times! The question becomes, 
then, why is the interior so cool? Strutt offers the explanation that 
only the external or crustal portions of the earth are radioactive. 
Taking the moderate value of 5 X 1o~*? grams radium per cubic centi 
meter as representing the average rocks of the crust, radioactive rocks 
need extend only 45 miles below the surface to establish the present 
temperature gradient. If we assume that the granites represent the 
constitution of the outer crust, 5 or 6 miles are sufficient; if basalts of 
the weakest activity so far examined, only 96 miles are necessary. ? 

As supporting his assumption of a crustal layer of 45 miles or less 
in thickness and of different constitution from the interior, Strutt refers 
to the conclusions of Professor Milne that a study of the propagation 
of earthquake waves through the earth’s interior indicates a rather 
abrupt change at about 30 miles’ depth, the material below that being 


rather uniform throughout the globe. 


t Rutherford, Radioactivity, 2d ed. (Cambridge, 1905), p. 494. 


Co account for the greater density of the interior of the earth, and from the hint 
ven by the constitution of meteorites, we may suspect that the inner parts of the earth 
ire of “‘basic’’ materials. The limit of basic materials tested is found in meteoric iron, 


which gives no measurable radioactivity We may well suspect, then, that the radio- 
ictive crust is rather thin, the amount of activity not being constant to a certain definite 
point, but gradually decreasing toward a zero value at somewhere between 30 and go 
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niles in dey 
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There are other highly suggestive features to Strutt’s paper, but 
let us consider the geological bearing of those already presented. 
First, it seems probable that we have a hitherto unconsidered supply 
of heat capable of maintaining for an exceedingly long period the 
known temperature gradient within the earth, and, in fact, necessi 
tating the introduction of restrictions as to interior distribution in 
order to account for the lack of a higher than the observed gradient. 
As Strutt suggests, an assumption that the earth is getting hotter is 
“not likely to be regarded with favor.” But that we have a condition 
of equilibrium seems quite possible, and, if not equilibrium, there must 
at least be a condition of very much slower cooling than the calculated 
loss by conduction to the surface would indicate. In this latter case 
we may still assume that the earth’s heat has been derived from two 
groups of sources: one, the initial condition and relative positions of 
its constituent atoms, molecules, and masses, acting as outlined by 
one of the nebular or solid accretion hypotheses; the other, radio 
activity or, more broadly, sub-atomic changes. This latter has prob 
ably varied but little for a long period of time.* If the condition at 
present is one of practical equilibrium, or not far removed therefrom, 
it means that the effects of any original high temperature (such as 
assumed by the nebular hypotheses) are now exceedingly slight, and as, 
if such original temperature ever existed, it must have died out with 
a gradually decreasing rate, its effects must have been slight for a long 
period of time. It would seem, therefore, that the utmost caution 
should be used in any attempt to explain characteristics of the geo 
logical record, especially in its later part, in terms of any cosmic 
hypothesis assuming initial high temperatures. 

The folding of zones of the earth’s crust into mountain ranges or 
mountain systems and certain other diastrophic changes, in particular 
those giving rise to earthquakes, are very commonly referred, in whole 


or in part, to the contraction of the earth as it cools. But the indica 


t It is supposed on very suggestive evidence that uranium is the parent of radium. 
Geologically considered, radium has a comparatively short life, breaking down with a 
velocity that decreases according to an exponential law and reaching half value in 1,300 
years. The supply of radium is apparently maintained by the transformation of ura 
nium, which is an exceedingly slow process, varying in velocity similarly to radium and 
reaching half value, according to Rutherford’s calculation (/oc. cit., p. 458), in about 


x 00,000 years or more. 
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tions from Strutt’s measurements are to the effect that the earth is 
either not appreciably cooling or is doing so with excessive slowness. 
Post-Tertiary foldings can hardly be referred to such a cause, and 
probably early Tertiary and even Mesozoic movements should be 
excluded. On account of the fundamental similarity of the geological 
history of the steps leading to the formation of the systems of folds 
produced at different periods, it would seem reasonable to assume 
very similar causes and to believe that, at least since the opening of the 
Paleozoic,’ contraction due to cooling is as unnecessary to explain the 
earlier as the later foldings 

If radioactivity may be accepted as a sufficient cause for the pres 
ent thermal gradient, we must also conclude that no major contrac 
tional movements under the influence of self-gravitation have taken 
place in recent geological time of such magnitude as to give rise to any 
great addition of heat of mechanical origin. 

Leaving now the general aspect and turning to the particular sub- 
ject of volcanoes, we may accept radioactivity as the cause of the 
major part or all of the general internal heat, at least in late geologic 
time, and still have all of the special problems of vulcanism to face 
that have confronted those who assume other origins for the tempera 
ture gradient, and the same explanations might do equally well irre 
spective of the type of general hypothesis. 

But Major Dutton? has put forward a more particular hypothesis 
to the effect that volcanoes are caused by local excessive radioactivity 
which melts small areas of rock near the surface and allows the ex 
pansive force of ‘water vapor to lift its covering and force a way to the 
surface.”” The rest of this communication is devoted to a discussion 
of the points involved in this very interesting and ingenious hypothesis. 

The first point is the shallowness of the reservoir. Dutton esti 
mates that “most of the volcanic eruptions originate at depths between 
one mile and two and one-half miles.” The bearing of this poiat on 
the local-radiation hypothesis of volcanoes is that at such shallow 
depths the general earth heat cannot be invoked to produce the tem- 


Che post-Archean (pre-Paleozoic) foldings are sufficiently different—especially in 
their incomparably wide distribution and almost universal association with abundant 


plutonic intrusive masses—to invite a special treatment. 


Loc. cit. 
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peratures involved, and we must therefore assume some special heat 
ing agent in the cooler portions of the earth’s crust. For by the nor 
mal temperature gradient 1,000° C. would be reached at not much 
less than about twenty miles' below the surface 

It would seem that the general chemical characters of lavas would 
be fatal to this contention. If the material extruded from volcanoes 
was chiefly derived from the melting of rock at the depth of from one 
to two and one-half miles, or even considerably deeper, the reservoirs 
would be largely within the zone of sediments, and lavas should fre 
quently have a composition derivable from the major sedimentary types 
alone or mixed in various ways. But igneous rocks have a rather 
definite range in chemical composition, and there are general and 
important differences between igneous types and at least the major 
sedimentary types. The chief reasons for these differences are easily 
explained by the nature of the processes leading up to sedimentation 
The materials of the igneous rocks are worked over and sorted on lines 
of mechanical and chemical resistance, etc., and from them are leached 
much or all of the more soluble materials, a large part of which passes 
down and becomes a permanent constituent of the waters of the sea, 
a corresponding deficit appearing in the composition of the sediments 

Petrologists have recognized for some years that lavas in general 
cannot be considered as derived from molten sediments, and yet, if the 
reservoirs were limited to the first few miles of the crust, a large pro 
portion of them should have such origin. The abundant evidence 
gathered along this line demands that lavas be derived entirely from 
below the zone of sedimentary rocks 

Volcanoes which arise from the deep sea cannot be considered 
as aflected one way or the other by this line of argument, for we know 
nothing of the chemical nature of even the shallow layers of the sub 
oceanic crust. Furthermore, there are continental volcanoes that do 
not occur in sediment-covered provinces. Of these probably the 
most common are found on granitoid bedrocks. Many of the Tertiary 
volcanoes of the Sierra Nevada were of this type, the lavas over con 


siderable areas breaking through granitoid rocks, with only here and 


According to Strutt’s curve, based on a uniformly radioactive crust 45 miles deep 
overlying a non-radioactive interior, 1 C. would be reached at about 18 miles, 1,20 
mile 


at about 23 
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there patches of metamorphosed sediments. If the lavas coming up 





through such rocks were chiefly rhyolites or dacites, with perhaps 
complementary types derivable from these by differentiation, they 
might be considered to have been formed by melting of the granitic or 


granodioritic bedrock material; but we find a great profusion of ande 


sites during the later Tertiary—hornblende andesites, pyroxene ande 
sites, hypersthene and other basic andesites (and latites), and finally | 
basalts rich in olivine. This phenomenon of basic rocks breaking 

through and pouring out over granites isnot uncommon inother regions | 


Can we reasonably imagine that in a great batholitic mass of gran 
ite, several or many hundred square miles in area, the granitic material 
is only a mile or two thick, and there changes into basic diorite or 
gabbro? Many granitic areas occur in the western United States 
through which basic lavas in abundance have broken, yet erosion, 
which has in many cases deeply dissected such masses shows nowhere 
such an internal structure. ' 

Further information as to depth of focus may be derived from 
sedimentary districts where, after the extrusion of lavas, the rocks 
have been uplifted, tilted, and eroded. The thickness of sediments 


necessarily traversed by a lava in rising to the surface at some definite 





stratigraphic horizon can frequently be calculated closely enough for 
our present purpose. In the Coast Ranges of California the late Ter 
tiary lavas have often had to make their way through several miles of 
Mesozoic and Tertiary rocks to reach the surface. These volcanic 
rocks do not show the characteristics of melted sediments; nor have 
the exceedingly active earth processes at the end of the Tertiary, which 


have uplifted and folded and eroded the rocks in such a Way as to 





expose frequently the whole Tertiary and Cretaceous series—not 
rarely 20,000 to 30,000 feet in thickness?—brought to light any of the 
reservoirs formed by the melting of rock in situ. They frequently 
testify to the fact that the sources were still lower, by the dikes found 


( utting across the oldest layers 


It is not to be denied that the later lavas breaking through earlier instrusives 
frequent show striking chemical relationships, and this is true of the province 
tbove referred to—but in general not such as could be explained by a remelting of the 

initic magna a short distance below the surface. The chemical relationships may 


wow consanguinity, but far from identity 


Chese numbers are not sums of maxima—such would be much greater 
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The zone of rock flowage, the characters of which have been so 
well set forth by Van Hise, is probably not completely established 
until we get considerably below the depths where Dutton would place 
lava reservoirs. One indication of this is that earthquakes have their 
foci at those and apparently often at considerably greater depths. 
Earthquake foci must be limited to the zone of fracture, for when 
with increasing “hydrostatic” rock pressure and temperature the 
strength of the harder rocks is well passed, we can hardly imagine a 
dislocation or other diastrophic movement that would be accompanied 
by seismic jars. 

The depth to which certain sediments can be buried and then 
deformed without metamorphism—several miles, as shown by the 
thick Cretaceous formations of California and Oregon—indicates that 
the zone of chemical plasticity, as we may call it—the zone where read- 
justments take place by molecular (or atomic) interchange and 
recrystallization without rupture and yet without melting—is con- 
siderably below the limit set for volcanic reservoirs. But sediments 
and intercalated lavas have not uncommonly descended into this zone 
of chemical plasticity (as, for example, the Paleozoic-Mesozoic Bed- 
rock complex of the Sierra Nevada, and other “‘regionally metamor- 
phosed” formations), and indeed many thousands of feet below the 
upper limits of this zone, representing a burial beneath the surface 
of probably from 5 to 10, or possibly more, miles, and while there they 
are sometimes invaded by intrusive rocks from still farther down— 
rocks of a batholitic character, rising from a region wherein all of the 
necessary heat may easily be derived from the general interior supply. 
For, according to the curve presented by Strutt, 500°C. would be 
reached at about 8 miles, 600° at about 11 miles; and these tempera- 
tures are quite probably sufficient for granitic aqueo-igneous fusion. 
But, after these beds have been brought up again and exposed by 
deep erosion, we see no evidences of local reservoirs formed within 
them, though they may be cut through to their bases by various, often 
basic, dikes which may also cut down to an undeterminable depth 
through the granites. 

Dutton suggests that, if an eruption occurred from a depth of 
5 or 6 miles, ‘‘the temperature of the lava would be very high— 
probably a white heat—and the mass would be very great. Its conse- 
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quences might be disastrous beyond all precedent.” He also doubts 
the possibility of a magma at 5 or 6 miles erupting at all. It seems, as 
stated above, that many Tertiary volcanoes received their material 
from beneath that depth of sediment. With present volcanoes it is 
impossible to say from what depth their magmas arise. One might 
be inclined to suspect, for example, that Mauna Loa and its com 
panions, arising in a regular curve from the flat floor of the sea, 
received their molten rock from below the level of the ocean bottom, 
and, if so, as the mass rises 30,000 feet above this base, a lift of over 
6 miles, followed by extrusion, would seem possible without any ter 
rific outbreak. But Major Dutton explains this by considering that 
while the lavas were piling up the whole mass has been rising,' and 
the reservoir is in the protruded mass and considerably above the sea- 
floor 

The chief argument put forward for the shallowness of lava reser- 
voirs is that volcanic earthquakes always have shallow foci. This 
is probably true. But whether they be due, as Dutton supposes, to 
the “ fracturing or sudden yielding of the rock masses imediately above 
the lava reservoir,” or whether they be due to gas or steam explosions, 
as commonly believed, we would expect them to be shallow. For the 
conditions which would make explosions possible (such as sudden 
relief of pressure by fracturing of solid obstructions and the conse 
quent explosive expansion of water vapor, etc.) would probably only 
be found near the surface, however deep the magma originated, and 
fracturing could only take place in that superficial zone suggestively 
named the zone of fracture. The occurrence of such phenomena at 
slight depths seems therefore to have no bearing on the depth of the 
lava reservoir 

While the above considerations are believed to be incompatible 
with the particular form of volcanic theory under discussion, and with 
any theory postulating such shallow reservoirs, and while a pushing 
down of the reservoirs toward the 15 or 20-mile limit makes less urgent 
and soon unnecessary the demand fora local special heat supply, the 
possibility of local radioactivity as an explanation still remains. But 
there are some considerations which appear to make improbable any 
theory of local strong radioactivity 


See U. S. Geological Surve Fourth Annual Re port, p. 195 (1884) 
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The most striking phenomenon of recent vulcanism is the peculiar 
distribution of volcanoes. It is well known that the great majority 
of active volcanoes lie along two immense circles—the one encompass- 

\ ing the Pacific Ocean, and the other cutting this at an angle and pass- 
ing through the Mediterranean region, the Himalayan region, and 
the West Indies. Many volcanoes occur outside of these two great 
belts, but in such cases are usually related to mountain chains either 
continental or subm« rged in a long line of islands, or to steep (gener- 
ally rising) coast lines, or to long submarine plateaus or ridges. With- 
out entering into any detailed discussion of these major volcanic lines, 
it may be asked: Why are there so many spots of local radioactivity 
in other words, of peculiar chemical constitution—arranged at short 
intervals along these lines? A mere statement of the question shows 
that our theory demands too special and peculiar conditions. These 
same belts are well-known zones of seismic activity, but they are most 
fundamentally zones of diastrophic activity, and are closely related, 
\ commonly as bounding or separating tracts, to the earth’s greater 
morphological units. Judged from the crustal evidences of earth 
movements and of the volcanic activities of the earlier periods, this rela- 
\ tionship of volcanoes to critical morphological lines—belts of earth 
movement or diastrophic activity—has held throughout recorded geo- 
logical time. If earthquakes, lines of upheaval, or other major move- 
ments and volcanoes are all dependent for their localization on the 
greater diastrophic activities, this striking association and alignment 
of them all would naturally be expected; but if the volcanoes depend 
for their origin on some irregular distribution of small patches of 
radioactive matter, this association and alignment are hard to under- 
stand 

\nother characteristic of volcanoes which is considered a strong 
argument for a special theory of radioactivity is the repetitive nature 
of volcanic eruptions. The melting of rock by radioactive processes 
may easily be imagined to give rise to periodic outbursts of lava; but, 

| even if the details of the process cannot be figured, would we not expect 
the same periodic character if volcanoes were an expression of dia- 
strophic activity ? 

Earthquakes are commonly caused by movement along a “fault” 


plane; and this movement is apparently usually repetitive. The topo- 
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graphic peculiarities along the rift line of the recent great California 
earthquake indicate that faulting has taken place in recent time 
along the same line, and probably several times. In the great faults 
along the fronts of faulted ranges (the so-called Basin range type) 
the evidence is to the effect that the movements were repetitive and 
of moderate extent. Why should these phenomena take place in small 
spurts, with perhaps several years or even centuries of quiescence 
between ? Why should not the mountain blocks rise, or the valley 
blocks fall at once with a great crash ? 

For a long period (post-Pliocene, however) a large part of the 
California coast (several hundred miles in extent) has been rising with 
respect to the sea. Its upward progress is marked by raised beaches 
and sharply incised terraces traceable to about 1,500 feet above the 
present sea-level. At San Pedro Hill Professor Lawson identified 
eleven terraces between sea-level and 1,240 feet. On San Clemente 
Island he determined eighteen between sea-level and 1,500 feet.*_ The 
upward movement has evidently not been uniform, but periodic, 
periods of activity being followed by periods of quiescence. And this 
is apparently true of all similar crustal disturbances. 

Furthermore, the progress of older earth movements as preserved 
in the records of sedimentation, deformation of strata, and uncon 
formities, shows that discontinuous movements and periodicity have 
characterized diastrophic history from the earliest geological times. 

We should naturally expect, then, that vulcanism, if it is simply 
one phase or accompaniment or result of diastrophism, would partake 
of that universal and perhaps most striking characteristic of diastrophic 
processes, the alternation of periods of visible activity with periods of 
apparent rest, and the accomplishment of any general change by suc- 
cessive small increments, rather than by one great catastrophic effort. 

What success shall we have if we try to get a concrete conception 
of a series of eruptions from a reservoir caused by locally concen- 
trated radioactivity? A cubic mile of radium, or perhaps of pure 
pitchblende, if properly blanketed with rock, would probably in the 
course of time melt itself and its immediate surroundings, but we 
should have an eruption largely of radium or of pitchblende. How 


t Lawson, “‘ Post-Pliocene Diastrophism of the Coast of Southern California,” 
Bulletin of the Department of Geology, University of California, Vol. I, pp. 115-60. 
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are successive eruptions to be brought about? We cannot reason- 
ably imagine a solid mass of highly radioactive material melting a shell 
of rock about it and continually erupting that shell, the core remaining 
intact. We cannot reasonably imagine a great vessel with walls of a 
highly radioactive material melting its contents and erupting that, 
the walls remaining practically intact. The radioactive material 
must be largely scattered through the mass, and must therefore be in 
part erupted during the volcanic action. But is there enough radium 
or like material in lavas to melt them, if they were placed at a moder- 
ate distance beneath the surface, even taking the normal rise and 
surrounding active rocks into consideration? Apparently not. Have 
any large masses of pitchblende, or other possible especially radioac- 
tive material, ever been observed thrown out during volcanic erup- 
tions? On the theory of local radioactivity they should be common. 

It is well known that the basic lavas are highly heated when 
erupted. Granites are probably molten and active under hydrothermal 
conditions at a few hundred degrees Celsius; their structures and 
metamorphic effects demand but a moderately high temperature, 
possibly the least of any of the igneous rocks. Basalts flowing out on 
the surface require 1,000° or 1200° C., and are often at a higher tem- 
perature. But the remarkable fact is that basalts show the lowest 
radium content of any igneous rocks examined, while granites show 
the highest. 

It is the writer’s opinion that, while radioactivity may possibly 
explain a large part, perhaps all, of the present interior heat of the 
earth, it is incompetent to explain the special phenomena of volcanoes, 
although as an important general source of heat it may supply its share 
of the heat which figures in volcanic action. 

It may some time be shown that certain peculiarities of some vol- 
canoes as compared with others may be due to varying local radio- 
activity, but it would not seem that the characteristics of volcanic 
regions as compared with non-volcanic regions could be so explained. 
It appears that volcanoes must be looked upon as one type of 
results of the major normal diastrophic processes developed along the 
earth’s critical mechanical lines, and that each volcano is not 
dependent for its general activity upon the special chemical composition 
of the crust immediately below its locus of eruption. 
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An Introduction to Chemical Crystallography. By P. GRorn. 
Translated by HuGH MARSHALL. New York: John Wiley & 
Sons, 1900. 

A short treatise on the relations between the properties of crystals 
and their chemical constitution, with special reference to the structure 
of crystals. The treatment assumes a knowledge of the laws of crystal 
lography as set forth in such works as Groth’s Physikalische Krystal 
logra phie No attempt is made to review the history of the develop- 
ment of chemical crystallography; the subject is taken up in its present 
stage of advancement and the relations so far established are stated in 
principle and illustrated by specific examples. 

The chief phases of the subject which are discussed may be briefly 
mentioned: crystal structure and its possible varieties, involving ideas 
of polymorphism or physical isomerism, pseudosymmetry and polysym 
metry, as well as those of the crystal molecule; special consideration of 
polymorphism; a comparison of the crystal structures of chemically 
allied substances—morphotrophy; isomorphism, including a discussion 
of the similarity of crystal structure in substances possessing analogous 
chemical constitution; the relations between crystals and solutions of 
isomorphous substances, and isomorphous mixtures; and so-called molecu 
lar compounds. 

Chemical crystallography, while essentially a part of physical chem 
istry and of special interest to the chemist, is of such fundamental impor- 
tance in the study of minerals and rocks that this translation of the treatise 
by Professor Groth will be particularly acceptable to the mineralogist 


J.PL 


and petrologist. 
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Purity and Pears’ 


The best of Pears’ is purity; freedom from everything adulterant 
or injurious, and no free alkali—That is how Pears’ refreshes and 
invigorates the skin, enabling it to be healthy and pure, — creating 
that complexion which, like the snow, is matchless in purity. 





OF ALL SCENTED SOAPS PEARS’ OTTO OF ROSE IS THE BEST. 
“Ail rights secured.” 

















MEDICAL OPINIONS OF 


BUFFALO 
LITHIA WATER 


“All the Argument Necessary.” 


The International Journal of Surgery, August, 1905, under the heading 
‘“‘CysTITIS,’’ says: ‘‘In the treatment of Cystitis, water is the great aid to all forms of 
is the ideal form in which to administer 


medication. 
BUFFALO LITHIA WATER it to the Cystitic patient, as it is not 


Moreover, 

only a pure solvent, but has the additional virtue of containing substantial quantities of 
the Alkaline Lithates. Patients should be encouraged to take two quarts per day, if 
they can, and the relief they will obtain will be all the argument necessary after the 


first day or so.’’ 


“The Results Satisfy Me of Its Extraordinary Value.” 

Dr. Jos. Holt, of New Orleans, Ex-President of the State Board of Health of 
Louisiana, says: in affections of the kidneys and 
‘*T have prescribed BUFFALO LITHIA WATER urinary passages, particularly in 
Gouty subjects, in Albuminuria, and in irritable condition of the Bladder and 


Urethra in females. The results satisfy me of its extraordinary value in a large class 
of cases usually most difficult to treat.’’ 


“I Have Witnessed Decided Beneficial Results from Its Use.” 


Wm. B. Towles, M.D., formerly Professor of Anatomy and Materia Medica of 
the University of Vir- are marked in causing a disap- 
ginia : “ The effects of BUFFALO LITHIA WATER pearance of Albumin from the 
urine, and in certain stages of Bright’s Disease I have witnessed decided beneficial 
results from its use.” 


“Results, to Say the Least, Very Favorable.” 


T. Griswold Comstock, A. M., M. D., Sz. Louis, Mo., says: ‘I have 
in gynecological practice, in women suffering 


made 
use of BUFFALO LITHIA WATER from acute Uremic conditions, with results, 


to say the least, very favorable.” 
Additional medical testimony on request. 


For sale by the general drug and mineral water trade. 


PROPRIETOR BUFFALO LITHIA SPRINCS, VIRCINIA- 




















Holds America’s Highest Prize 


Walter Baker & Co.’s 
Breakfast Cocoa 


Finest in the Ms AU) 4\\\>' 
W orld Ss ‘h hii 
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HIGHEST 
AWARDS IN 
EUROPE 
AND 
AMERICA 













and Scarlet Fever 


prevail in Winter when closed 
windows cause ill ventilation. As 
Apa preventive purify the wastepipes, 
sinks, closets and cellars with 



















The Odorless 
Disinfectant. 


























Address Heary B. Platt, 42 Cliff St., N.Y. 
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In heated rooms an open dish 

_| with water’ and a little Platt’s 








FULL WEIGHT 


WALTER BAKER & CO. Limited 


DORCHESTER, MASS. 







Chlorides purifies, moistens and 
renders the air comfortable at 
a temperature of 65°ta68° FE 























Established 1780 

































HAND SAPOLIO DOES, by a method of its own, what other soap 
cannot do. If you want a velvet skin, don’t PUT ON preparations, but 
TAKE OFF the dead skin, and let the new perfect cuticle furnish its own 
beauty. 












FINGERS ROUGHENED by needlework catch every stain, and look 
hopelessly dirty. HAND SAPOLIO will remove not only the dirt, but also 
the loosened, injured cuticle, and restore to the fingers their natural beauty. 







AFTER A REFRESHING BATH with HAND SAPOLIO, every one 
of the 2,381,248 healthily opened pores of your skin will shout, as through 
a trumpet, “For this relief, much thanks.” Five minutes with HAND 
SAPOLIO equals hours of so-called Health Exercises. Its use is a fine habit. 




















have been established over 50 YEARS. By our system di 

A PI A payments every family in mod circ can « 
a VOSE piano, We take old instruments in exchange 

deliver the new piano in your home free of expen, 

Write for Catalogue D and explanations. 
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All Rights Secured 


Pears’ Annual for 1906 contains two original Tales with 20 illustrations and three large Chromo Lithographed 
Presentation Plates. The best Annual published—without any doubt. However, judge 
for yourself. Agents: The International News Company 





















BUFFALO 
LITHIA WATER 


Strong Testimony from the University of 
Virginia. 
IN URIC ACID, DIATHESIS, GOUT, RHEUMATISM, 
LITHAEMIA and the Like, ITS ACTION IS 
PROMPT AND LASTING. 


Geo. Ben. Johnston, M.D., LL.D., Prof Gynecology and Abdominal Surgery, University 
of Virginia, Ex-Pres. Southern Surgical and Gynecological Assn., Ex-Pres. Virginia Medical 
Society and Surgeon Memorial Hospital, Richmond, Va.: ‘‘1f I were asked what mineral water has 
the widest range of usefulness, In Uric Acid Diathesis, Gout, 
I would unhesitatingly answer, BUFFALO LITHIA WATER Rheumatism, Lithaemia, and 
the like, its beneficial effects are prompt and lasting. . . . . Almost any case of Pyelitis and 
Cystitis will be alleviated by it, and many cured. I have had evidence of the undoubted Disin- 
tegrating Solvent and Eliminating powers of this water in Renal Calculus, and have known its long 
continued use to permanently break up the gravel-forming habit.’’ 


“IT SHOULD BE RECOGNIZED AS AN ARTICLE OF MATERIA MEDICA.” 


James L. Cabell, M.D., A.M., LL.D., /ormer Prof. Physiology and Surgery in the Medical 
Department in the University of Virginia, in Uric Acid 


iT 
and Pres. of the National Board of Health: BUFFALO LITHIA WATER Diathesis is a 


well-known therapeutic resource. It should be recognized by the profession as an article of 





Materia Medica.’’ 


“NOTHING TO COMPARE WITH IT IN PREVENTING URIC ACID DEPOSITS IN THE BODY.” 
Dr. P. B. Barringer, (447rman of Faculty and Professor of Physiology, University of Vir- 
ginia, Charlotisville, Va.: ‘‘After twenty years’ practice I have no hesitancy in stating that for 


prompt results I have found in preventing Uric Acid Deposits 
nothing to compare with BUFFALO LITHIA WATER in the body. 
“I KNOW OF NO REMEDY COMPARABLE TO IT.” 


Wm. B. Towles, M.D., /ate Prof. 0 Anatomy and Materia Medica, University of Virgina: 


‘In Uric Acid Diathesis, Gout, Rheumatism, Rheumatic Gout, Renal Calculi and Stone in the 
Bladder, I know of no Spring 


remedy comparable to BUFFALO LITHIA WATER No. 2. 


Voluminious medical testimony sent on request. For sale by the general drug and mineral 
water trade. 


PROPRIETOR BUFFALO LITHIA SPRINGS, VIRGINIA. 





































7 In heating the Home a temperature of 65 to 68° F. 
with a humidity of 60% produces much more comfortable 
and healthful conditions than when the temperature is 
higher and the air dry. 

{@ Where a furnace is used the water-box should be 
regularly filled and a little Platt’s Chlorides added to it. 
Where steam heat, hot water radiators, Baltimore heat- 
ers, coal, oil, or gas stoves are used, a pan with some 
water containing a little Platt's Chlorides should be 
kept over or under the heating arrangement. 


is a perfect food, as y a 
wholesome as it is a ¥ road ogg, 
~delicious—highly TT 

nourishing, easily di- oe 

gested, fitted to repair Kal Ps f 
wasted strength, pre- ° or TT @x 
serve health and pro- ‘ 
long life. The Odorless 
Be sure that you get Disinfectant. 


the genuine, bearing 
our trade-mark on 








1 A colorless liquid; powerful, safe, and economical. 








Registered Instantly destroys foul odors and chemically neutralizes 
U.S. Pat. Of every can. disease-breeding matter. Sold in quart bottles only, by 
HIGHEST AWARDS IN druggists and high-class grocers. Prepared only by 
4 /* evrove and AMERICA Henry B. Platt, New York and Montreal. % A Bro- 
chure entitled ‘‘ Health Economy,’’ by Dr. Kent, mailed 

Walter Baker & Co. Ltd. free on addressing 
Established 1780 Dorchester, Mass. Desk U, 42 Cliff Street, New York. 12 
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Isnt iteasy? |) 


to make house-cleanin§ 
half play when all the 
hard dirty work, from 
sink cleaning to brass 
polishing is done with 
a bow! of water, a soft 
cloth, and a cake of 


SAPOLIO 


{ CLEANS-SCOURS-POLISHES ]} 


























have been established over 55 YEARS. By our system of 

a PI A payments every family in mod circ es can own 

a VOSE piano, We take old instruments in exchange and 

deliver the new piano in your home free of expense, 

Write for Catalogue D and explanations, 
ns 


SE SON uPrwe ' 



























